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: .:: . 20 

: C O p-3 9 J ... 
;(asststed;6 

i^x^u • 

&Rxx r;KDW«; .*>=y —b, 

^^-K ^PP7*fef- K : ^ciP7-fef- 

PW-f, 4-tf +y<^>£yx- h (uyy 

KK 4 ,4- (x^u>i/^^) «\>^yx- K t: 
: ^Ox-K 7#v>bx-k ^Ph^^h, 4-y 

h * vVp h; * ^"hV ^ i/st— 
■M x r 4diC>'2 f 4 ,6 - nyy^ b 

<y V h;x~ b);£S^T* 0 
: ; [:O Q:4 0 3 h 

#r#*-r y *Jk 9 - 7)lt \s-)M?)V x 
^1// 2:^ 40; 
; V W) £?)V y :z - 0 x x )ux;l/^x;U| x £a£;: 

^x;k p-xhn7xx.il/, ^<>*/ji^ p - 

^ 3 f 4"^F + ^>^ o - 

x-bP^>^;k p - ^hD^>^ % S-^>5/;l/f . 

~ ^ > * " x ^ 1 - ^y ^ to£ 
y ^^^^^^7^#^^:h fc^TS. ' • \ : : ' . 

[004 1] Mtogggl 

7^ K:/^l— hV .4 -^ hd-4 -/f)Ky^yxi^i 
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- h... 0 - (y^P^y?)U) r^/X- b , 2 -jfOl/ 
$ > «> - x;k* % . b / 2 - (jffJVft/F+ 
^) x^j^-^ K 4 - (y?-;U*:ty b+^y 
^>^x^ h .. te£p2 - (y ^;U^^y 

[004 2 } ^feftx^f ^ 
i^b/c?yXk:fe 2 , 

6 - is t> ua - 4 ~ y y x y +^7-fer- h, 2 , 

6 - ^?00- 4 - ( 1; -1 ,3 ,3 h^y^;l>y^ 
;U) 7xy^rtf-K 2.4- fx ( 1 , i -^y 
f-^ypbVU) 7xy*i/Hf-K ^up^y xx 
;b7-fe77— h % ^vm-K <fcyt^wx-|> 

(E ) - 2 - ^»-2 : -,^x- h (Hdx- 
f ) . o - (y h * ^#/k#xji/> ^>y:x ^ h ; p -rr 
P - O'/x- > / a L ^ #:Kx - F , ±YhU->, 

7;i/*^N ; N t Nv ;'n' ~ f k ^ > ^ ;i/ - ^x * p 

7 $ h ; N - y x x ;l/ ^7 fc'<j* - h v ^ 
^W^7iyft-f;k to&VZ ,4 -^x h py 

x^:^^ f : v • • • • 

«H*;uy x~ -frw. ?)i>7 x - h % y ^>x;u^- 

[0 0 4 3} 1 , 2 - fejb^f I . 3— ^^-;U«:jPf^-^ 
1 ,2 -46\fc{>' 1 ,3 -^^-;US^-r^S«; Sitt 

f«tt7-fe^ -;ufe<fe^^^-^u k y ^ xfjf 
; ' ; r--.t - y^;Uxf ij x> v 1 - y xx^x^t;^ 
(4-y h^^y xx;U) x^UrV, 2,2,2- 
h'j^apx^<jf> 1 7 -fe h x k (-/y7'nb ,, ;f 

^y) \ > ^ n^>^ g i : -?i>; p^>+s/ *y^; is>? 

2,4-yyht^>y'Jr> 4 3,4-^>f 
*><<>^ U r>, ^^2 - x h P^>^y^>^i2 

' 

. [ 0 0 4 4). mm* bxzT>i> 

fl/>, ^KW^ux 1-^K^xfijf 
ir'xhti/x^yf>, l f 2'^>'ft.'*"S/'x^" . 

^W^)xfijf>i®», a- (N.N-^y 
>k 2-gSJMxWx^rJk Sfe$n/c-<>^ 
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;l/xxf ;k ^'J;HXr;k ffittffcSttfcxxrJk 
60 

[ 0 0 4 6 ] mt%ZtitcS?)lx-ZT)i' 
ffl&ZtitcM f .*x A r g-7;k*uxM,^ 
Jk xfc+i'XfOk y^;u^+y^ju; r h^fc 

*;k 2 —(h h + ^-y ^b, ^> 

*k a^yf;l/7xf >jK p - x h*t^x:f:i/;k 10 
FX*;k te&VH-y £;u<T* Kx*;k 

10 0 4 71 2 - g ft fcx ^ )l/x x jr ;U 
2 - g& 3 n/cx ^ JVx x r , 2 ,2,2- h 'j ^ n • 

1 , 3 -i?^^x;i/- 2 *)k 2 (p -^fd7x .. : 
^Jl/X^y x>=.>U) -x^;k 2 - ( p - h;bx>x;l/ 
~Kx;l,) x^l/; 2i-(2' ~t'»J^)xf;k '•^r^. 
(i?.7 * x)i,*x ? x *;k I ^>f>- 1 20 
xxji/.x:^;t; % t -7*fjk ^a^>?-jk j, 
*5>;h ;:T ^ 3k7r>- 1 --Ok 4 - : ( F IM . ' 
f\ik>U;l/) - 2-7r>- 1 - ^Jk *>>:T$;k a 
- jt^-hisyj- 7i^k p- (m-^^;l/y ;b 

[0 04 8 ] afegnfc^>^xxr 
Jk g -r^K 1 /^^^;!/, 2- (9,10-^** 

7) r> njrt'X^k 5 -^>!/-x^»;;i/\ i- 30 
tr;i> 4ft , ;2 ^ ■:< ?H ■ 0 ^ >f o ■£ 6 ■ 

X 2 , 4 , 6 F i;^ ^*T-^i/;k \^A^rJ^ 
n*^>s>;k o-xFa^.^k.P.-xl 
i% p-XF*^>>>;k 2,6-^y 
>k 4-- X*&&^7 4~JU) <>$#k 4-X;t# 
<>^k fc^ax/k fc<fctf4 - P 

*>y;k :7xx;k;^?-;k>';;k fccfctfb- t 

: i- , a- W V : v - : ---4;- T : ;f/^^ : - : &;- £.£y. ^i-^iiv 
3-**t^/«;b>. 5-7;u*;u-4-**v- l , 
*s$*y "7 > s *)l F xxf Jk ^.x ^;l/S, fe<fc 

^>^7^^h (in) a^ft*aarr5. 

j : x£ xft x X f* ;V^« ; : K: 9 x t^l/X £ x ;kfo <£->'. F 56 
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V - n - :/*;l/X £ x;U£^-f £ o 
[ 0 05 Q] 7; K-fe fc jjgj£ K 

x'k 5,6 -bt FD7xt>FV^xjk o-xF 
. njr-V F\ N-7 -x Fn^>Ky;k N-8 -x f 
u- 1,2 ,3 ,4-7" h7b Ka^yi/ik fc<J:tf p - 

p - ^ > -fe' > x > r k^^t i e t k 7 ^ h; 
■«i N-7xx;k n,n: ^mvy&tfrte&zm 

; [p 0 5 1 ] 7 ^7i(c^f ^,§i 

SpSi, *7l»ra^ JS^S^«ft- fe*£XS>?«^*: 

; j^ ;^^ ^ h " ' 

#;t//^~H*. ^^;ufc<fe^x^k 9-^;l/^vx 
.'".JM^-ik 9 - (2 -X;U^) :7;l/^Ux;by^jk 9 

- (2 ,7 -^D^) 7il/^l/^jWf ;k 2,7-^ 

- t C9 - ( I 0 / i d -; V ^ 1 0 , 1 
0,1 0;,1 Q.-r:K7tfo-f^1f>f^) 
>k . *5icf 4; - 

[ 0 0:5:2 ] g^nfex^^ : : 
gfft$n/cx^;KSga(i x 2 ,2 ,2 -F.y^.pnxf 

2 - h 'jy ^;U^»;;bx^;i/. 2-7x^xf 
.Jk 1 - ( 1 -fjtvyfiv) - 1 ~>^x#;k 
.1 , l -^fi-2 -APx^;" 1,1 
: 2 ? 2 - ^ ^ x ^ ;k . ;.; 1 : • , 1 ; - V M -2,2, 2 - 
: • ; 1 J > - 1 r ; : ( 4 - :fcr7 x x »; 

,*) .xf:)^ 1 k (3 ,5 - b r t; -7 r f^7.x;x;U) 

- 1 -X^^x¥:>l/, 2 - (2 ' -*5<fc"a p 4 / . 7^/2/. 
■W x^k 2 - ; ^ (N b^ti^^b;l/^^^ : 
•^5 K) -x^»;k t-i/^k 1-T^v>^;k 
xji," r i/;k i -^y7pt:^T»;;k >>t $Jk 
4-xhPV>t^;k N-tFP+^>tX 

Vi>x)k % ^obik ";^-'-- : >f-h4-s/r< 

^ ;i> x vi> ^ ^ X7U><;> b>i/ / 0 k r > F V; ji/ > ¥ 
x x;u^ 7-;l/^^T^o 

[0053] mm& .. . 

^;ux;^*x^x^^ % 2 - (p - h;Ux>x;U^x 
;b) x^;k C2 j- ( 1 ,3 - S/^Tx;U)) > ^jk; 4 :'. ;. 
-^;l/^*-7xx;k 2 • : ,4-S/y^-^7*x 

2 -^X^x^x^^k 2 - h V 7 x x;W^X*x : 
^vy.Pfik 1, 1 -^yW-2-i/7/xf : 
Jk m-^PP-p - TV^V-f P - (b 
b KD*->#y;l/)^>b;k 5 -^>X^y^^;/»; 
^-X^^, ^^2 - (>.'j7J^p^f^) -6-:: 
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. [0 054 l^glg 

itftmmmt.. m s k p:? ""ii*., 3,5- y/ k 
*"2>^^yit. o:-x;Har^>^j(/ % 3 ,4 - s/x f+ 

J/- 6 - x hdA>^: ^Of7i^Jb ( o-^KP 



^S^i(teM(J; ^xyf^il' - (1 0 ) -tf)i 

[ 0 Q 5 5 I M&KWb'S*^ K 

S ~ > il^ ^ ^ ^7 >t ^^c >f : h V p - isy y 
)l> % ^P^+i'Jk U^0<<>f-)V t 

p ^a t;M f 4 p - T^yv^^iy - *o s^/k 
<f y ^o : tr w * ;k 2 , 2 - h + v - ^ju^x 
;Ut:xJk 0 - ( N ,N - 5 F) 

-^>>>;k 1 , 1 3 {ti,N^p*f)bp 

frtf^V- 5 F ) 7"nt ; >k I: ,1 - - :/p fc'x 

;k : ( 2' 1 W^^irt^:'^^ 2 -7^ ~)V**}\>\- 

3^4 p Cp' -/fii/7x-;i/-7V) -oi? 
ifc; l -x^iU^^u^;^ 1 : -jSt^vus/^o-^+^- 
^v. 1 -**)V - 1 P$ p -x . 1 - > 
^k- (3,5- PiXF ^ ^ i i il/ £ ;U ■ " 
9)1-1 (p -^^)l7*/y -x*Jk 1. -X 
f)t>- 1 -7j:^x^K 1 r^:^F*- 1 ~ (4-fc' 
V isM X^7t/; ^ i ^U; p - (7 x ^J^T;/) ^> 
^;k 2,4,6- F y - t - :/^;U7 xx^t/ 4 - ( h 
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[0056] 75 F 

7 5 Ktt, N-*Jl/5Jk N-T-fe^k N-^DD7 
•fef-;k N- h y^taor-fe^-Jk N- F y^+ar 

ftfxjk N-fc'^yy-Ok N-3 ^fc'y^-*^ 

F; tt^ 

^f&« • " ;, . 46 

[0 05 7J giss 

iSfl&B3gfSii v N-o -x hP7xx;U7-fe^k N- ' 
o-^FP7x^>7tf;k N-7-fe h7-fe^Jb. 
<N' -^^^>^^+v^;^^il/7 5y)7'fe 
*Jk N-3 - (p-th'P+>/7x^j 
Jk N- 3 - (o--ha7x^b) :7'Pb'*x,ik N 
-2 -y f-;U-2- (o-xhp:7xy^>) -/ptfrfr 
x;k N - 2 - X* A - 2 7 ( .0 - ? jL~&T % /y*xj 
yaet^k N-4-*an;/*yjk N-3 

N-o-^FPy>t 50 
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/ .^fcvN r: 7 fe^M ? #x N-o ~ x k£ 

P.^yV>k N- o - (<>v^;U**w*/l0 ^ 
>:/^k fc<fctf4 ,5-^70:^-3- 

>-2 -^>^m*r^o 

[0 0 5 8 ] gferj 

«tt-f 5 FR^ftfct, 5 h\ N -ix*7ir 

^yfe N 
- 2,5- ^ ^Vt'pyjk N- 1 ,1 ,4 ,4-rh 5 
^^fec y7U7^t/^n^^>f^M % 5 -g^ 
Stl/cl ,3-^X^;l/- 1 ,3 .5- b V7*fis?zi^ 
+^>-2 -*>, 5 i ,3 -^>^J!l/ 

-1,3,5- h »; 71f P-N+1f> - 2 - fej: 
O'l -gft$n/c3 f 5-^r.hp-4-t't; F^;l/^ 

[ 0 0 5 9] «fflfe-NHfi«ai 
-NFl(C^t^®gS«. N T7J^J^<j:^N.-7i ;; 

-^xn^gf^ft (mttN-*K % N-N. N- 

■p^f-S::i:. % ;;^^^s-): ;:' N -x;u^ xX7k & 
[ 0 0 6 0: ] N - 7 ;i^;t>fe J: <1> # N - 7 U -;U7 $ > 

ik N-7'J;k - (2- (hVji*A,*sV)\,) xht 
is)VY- ji ?)\,\ N - 3 -7-fe h Irisy'a N - 
(1 ;W vVp tMl- 4 - - f P -2-^^V -3 - f 
n^>- 3;-^) , m4)S7:>^x^ ^ N 

^ U >.N";^ ( 4 "^;^^ i - ;,/ ) X^ik N-5 
N. t :K V: 7 * ~ ;M 3^k : N r : • • 
(4::r.xF^>7x^ N ~;9: -;7 

jL~)ly)l,*U~Jl h N- 2 ,7 -y^PP-9 -VJl 

[0 06 1] Y 5 

^ 5 >nzs»« % n - 1 f 1 -p.***,** u>/ ;. 

-^7xc;M^bk N - ((2-b*»;^;l/)yi/^ 
y^u>. n- W ,N' -t?>^it/75yyf 

U>) v N ,N- - ^ V^Pf Uf>, N- p -x>p 

^>V.y r N -if y > «;f>, n - 5 - ^ p p^* y 
^y-r>, N- (5-^PP-2-tFP^y7x^. 
jU): 7 x ~;pTt X f V 43 j: O'N - .^^ P-s+^.y It?- 

x^5>^2«i*(7)CTti. N™ (5 ,5 -i>S*)\,-3- 
[006 2] N-^f-PJl^^: 
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KSrSg-T N - P H«#<DW:tt; N v * ~ 
7 ^ N - ^r;l/*;M*X* >j 

'>^;b? : *^k N - 2 ,4 K ^^^^'^Uv' 
2 £w h,D - 4 - h ^^ -<>^^!/7;ir£ ;; N 

N-p- hAi>xA*^.ik N 
:^)i/^;Ux N-2 ,3 ,6 - h y:>#J^.^ : ^^:^^ 
•^>-fe'>X;I/^^;U, N-2 ,4 ,6- h h+^> 

N-2 ,3 ,5 ,6 -r h^y^;b-4-y h + 
i/^>#> - ;k N - 4 ^ * h+V^>-fe*>X 

n - 2 ,4 >6,-> y x^;u^>f >^^*^ 
- 4 -^7i/^^^^; ,:: 

N-2 ,2 ,5 ,7 ,8-^>^y^^D7>- 
6-x;i/*~;k N-^^>x;l/^;k N-/3-M; 
^;b-^y;Ux30;*;l<#~;k N-9 -7> h^-fe 
>*;l,*^K N-4 - (4' ,8' -p* b*is±7 

#^;k N- h V^;u^u^^;ux;u^^;l/ V &<£tfN 
[0064] E. 
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(4-^pp-2- (4,4-^^;!/- 4 ,5->>fc K 
q-*** ; /~*-2--/:fc) -:7x^;l0 - (4-3 40 
-F-2~y^;U7x^;b) -7^X18) 

U+-A2, R 1 = C1. R 2 = R 3 = H. R 4 = CHJ 
a) 5~*PP-2-y h+^S§^16 <14.8g, 

0. 0793*;!/) fc^tKSOCl, (28.31g, 14.97ml, 0.15 
84*;U) <Og£*Jj*2B$|8J38£U * LTiSftoSOC 

1, *&*orae<DKSi&*»fc. ch,ci, 

5 >-2 1 --?XXrtJ—}\, (l3.98g, 14.97 
ml. 0.1584W) ©«WcflO*.fc. *jS*Bfe*U 
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.. .. .. 

ttJfcft©tt*.».fc..' S.OCl,. (I7.4nil) ^CCDttCCjgttl 
3 0 Ufc&fc . •EtfcB£#fe E t. r O ( 200ml ) 

■bwxtc. Mkm@m%< m?M<D*m&L. *fe-2 

0 % N a O H i &¥- f t/t E UOt'ffittib 

/Co Et,QB* leSiK.GQ,). t v . 
rHISfecptti (>T 1 T^fi^ iRS l 4 . 6 3 g ( 7 

7%) v :; '*; : ;::: : ; V"^V^&-^ : -'^- ; -"'-"' ' ' ' 

b) IDA (tHF#02; 6iMM©5m l ) ?r v -. 
7 8 •C0T M F ( 1 5 nr I ) : :*<D4 - '3-.— F - 2 - ^ ^ 

;Vr ^ > (2 T 33g . , : 0vpi6#;(^^ : o 

- 7 8 °Gr 3 b^»# U/c„ cntt, THF 
( 1 5 ml) ipOl 7 (l;i99grv O.OOS^riU) O^M^flO 

^./co msmziGmmmwisx. f^M^w 
afe^a^Lre^o i com, 

^H^P? h -±rffil?L/Co CH,C 1/ 

r^gfLr. tBaottiuriwii 8©a: i g (7 

7%) ?r^/c. Ml4 0 9rag^E t,Ok:»J»UE t t O 

tt*S/c. IRS3 5 6.4mg (8.1%) ..ft*324 
-3 3 0 # Co : 

^ffl : Q.Ht i N.OCU • HC1 .0 ! 5Hi O^^t S tm/WA 
fit:: C 44,47/44.32 ; H 4.15/3.94 ; N 5.76/5.6 

.60 • 

[ 0 0 6 5; ] ;*jSfe^;2; . 

MA P* f r^&^^W^ftr'i * X^r- KT 7 ■& . 

y ";:*■ ' /:.yV ■ . . -r 

. .^.x u:>sattges (M b p ) ^ncd. 1 a p coK^ ii* , 

p 4 4 M A P + t-V^mtt #Jl,#*jtls^ 
b?>Zy x^— lf»^Sa» (GST-MAPK) 

7 x 7-fe'a^l61(G S T - ME K)<D#£TKfcO 

xt rvmmm*.; l ooummm , 

fi^CC 2.0 ftMDH E P E S (pH7 . 4 l 0 nMDMg C : 
I 2 , lmM^)MnCl 2 , InWCDEGTA, 50/xWD 
: (r- ,2 P) ATP, l -0'*7q©GST-MEKV 0.5 
M'fl^DGST-MAPKfci^ O/iflOMBPi^W-r; 

So SJ£«, 2 0^tc, h'^ppft^mtotcj:^ 

iSlTSo 7 ^ hiCCS^^n/c^ P* :- 1 2 

0S :: Betap1ate*fl6fflUrfflJSr«5 8 <t^{^ 10 m 

<ffi-rS 0 it^^GST-MEK$/c(iGST-MAP 

yp hn^;i/^g^^^ 0 gl-cDT'P hn-iKc*sc*r 

ft^*, gs t-:;Me k ^^^sb^^! ;x ; 



(24) 
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otg st-map:;k; mb Pfcitf-tr-VPi at.:. 

S\ G S T -MEKfc <tC>*G S T -MA P K0M#£S . 
W^^W^ijQx., ^U-cM-BPfcJ:^ Cr- J1 P).AT 

M A P Kfmfflt 1/ T X a 7 - b , -#CCfcCv 

r sr— coca K3-^0^^tvr^^Tft^ 
rop;6 6 : j.iiteW3 

* > tr H n M A P * * - ^7 ? -fe^f ria 
(ph? ;s :.)\? t o^i^fec i- , ; 2 m Moi) £ g t a *5 : 

cfctf 1 0 mM© ( r-- 1 P I A T P £ 5 O u W 

S*?SS*CC4o^r, GST-MAPK 1 #q& v MB 

P 4 0/zq<b-fek:; 3 oxr l h t 

rff±^ ^tr^ft$n/cMBP^, io%#U7 
*»;;U7^ Ky;H0i»cj:ot^|j« e MB 

p txtcmm*: . t-bvvty^y 20 

B^^ftMB GST- ME 

K. I0/xq£ k 7 1{im^77^>^'J^>0 
^S^S* W *f -5 p 4 4MAP * fer^^Tf £ ^ 

^ft>s-h7>x7x7-^ges (gst- 

MAPK-KA) 5Mq<b-&&C^>*;*-W-f S. 

. c<Dp^; ;m a p K©+:t ^^gtt^is t , : ^ 30.: 

JjQUfcME Kl<m?Z*r-VmY±OfrJ)m2> 0 5 O mM .. . . 
<Db 'JX (pH7 .5) % 1 0 MMPMgrC I , v 2/iMCOE 
GTAM^'l OmmcD Cr- J2 P] ATP£^W<T£ 
5 0MlOS^^a*^4(5^r, 30°CTM5^M>* 
^-h^T*. JKto&, Laamfh S D S > ^HgfSffi 
<D^tt]K:J:or^jl:*r^ $®M:2ft/cGST-MAP 

k-ka£, 1 o%^vr^-;^r s Kyju±co^^ 

SftK^T^aiT*. GST-MAPK-KA0C^»3iA 
/cMEK (GST-MEK-2E) £H£fflT£ 0 Cft£> 

o2<gcDgpa^«^ft^n/ci^(c v MEKrStt^a 

(Cfc^rtJ. GST-ME K- 2 E ±&Ufc 
SjS^SM*CC^r/GST-MAPK-KA 5/iq 

(J, ±i^0/cct^«:^lS$^br^^5 o so 
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T O O 6 81 Stem 

U ^*tf«3t±£ 0 IMS* (serun-de 
pn yed) T S. IffllSfc , Bff S<DiSe0f E^J* fc« fc? t 

(DMSO) CC3 0»$6tau^®g^^ 
KP D G F ( 1 0 0 nq/ml)*^* ^H^C<fcS 5 

I , 1 O nWOH E PE S (pH7 .4 ) , 5 0 MKD V V * £ 

3 . # q ^ o o x.gic^^»4^^^y^^ir^ ' 

^6 : n/c±i@fg 5 5 Jo^AS; 5 0nW©K9X (pH 
7.4), 1 OmWDMg C 1 , » 2 nM7)E GT Afc<J:tf3 
0/iM© (r- 3J P) ATP*#W-ra2 5/zl(Dft»g 

a*«:*ic^r; -**tte£«ajr- 2 (Ma p 2 n o 

t*. La6nnm1i^>^Mffl»^ 
ii®fb^4a/cMa.p 2^:. 7.5%7^ , J^7U*W 

• (0 0 6 9 ] St^0S 6 • 

ma*, ■7^-')iji,7'i/- h^r^ffi^u^nifi 

>2> 0 ^> + ^.^-» 3 ^^f ifcibfrCT iSffi^S 



6. h y ^> o oB«»«S:l»*l/»BIIB»*3Kffl*'C3 H 



Ifflfi*, 1 0-20 ,0 0 0«/m1fc:fct>-C 
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[ 0 0 7 1 ] 3S 

p - . MMMm^ rc^tiw met 4. 
[007 2] 

^^h^^a^y^w^^ : : 

xKfcct £ -iifiS ^^ipgsk (CI A) io 

^x&jftmmm-z ttmm^&iffiffiftm* 6 urn 

37-y> i 0 0 ixqCCJ- S-O B .A*/ 1 V^XOfcJSffc 

MHeise^(cj: o-t^f a^fc^ai; hl a- d 

R4;£$^ 10 

D2p; 60, 1 0"-:o'fcJ:^2 0 0fl^±5ttl8H<D«. 
■Cv^XKft^S; «K0)»JPa«, 4 0 . 6 0 ttclt 
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2) vHgp<D®a ) '^femeatf : 

T*.ft*ft©v •> x {cKt 0 X 1 2 p^m*±Z 3.7 U > . 

[ 0 0 7 3 ] *ssw i 0 

Mfpifcte, ffifr&^{t*tt 7 r'Schy/at^ (Infection an 
d immunity 59: 4436-4442 01991)1 ^StK©J:^CC^ 
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. /3 -?'Jtp-:Jb*,X7.ir r 

LM HE PES 

r>X~ 1 00 
ddH.O 

in -■ -a.. - 

.l.'Na,VOi 3.6 7 8 g 

ddH 1 0 2 0 0rnl< 

2. PMSF 1 7 .4mq 

E t OH 1ml 
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.5.4* 
5 ml 
5 ml 

5 O OmlCC^^O^^^m 

*P4<fcO 3 o#fet±jp< ss&ct 6 -r^ffl-r ^ $ r 4 

•GT?gf« U&tf 
[0.07 6] . 



1.0 OnW 



4'G 



10 OmM - 2 0°C 



•• 3 . P^A^f > , 5n, p 
• • d d H, G 5 ml 
3fl<r^#£ v 2 5mlCDSS?igfS?§?gk:tt]^^o : !> X 

imim, mm® * 

• 1 mM N a , V O, 1 0 OmM 
1 M M PMS F ; I Q O frW : 



lmg/ml =. - 2 0 'C 



[0 0 7 7 ] 
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2x;i^ 6cD^fiss^r?iMiii-.s 0 .«tt«tnB^ i* .30 
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^t^i^tifSc ^3Wc^©)|J(l .0 
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|if> 1 .Onm g 



1:5 
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37^1 
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. :.2; : ;5;6^i;..l;;;;. .:rh?'^l^ : 

ddHiO^ri : lOO; 

m>v: . .2 5.m immm ; > 

1 1 .9 Ml 
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#£M< ^l^ffiTo £x;b£ l x h y ^/y; 5»/S 
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m^otlf^o L 4 ^BB«:^ ■y6xi; -mns ; ; 
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Costa Mesa, CA) KJ: *) S«££tt/e£g£J£*:*0 1 .. 
5 (S«/£«) V kthhU Z ZTVJWl 29t 

£>U ( 0 V5%<Dfc Fn+^7'o tiP>f.^;l/.-b;b:ci -rX 
/0l2 5%<DTweer> 80) *fcttgpt: t ^ JU*<D 1 
0; 3 0 * tcte l 0 0 flic*/ kgCDISifefb^? ( l EOv^ 

^/co 2 o 6 #i; :te^j) ' ? 

S&i-fctt 1 3 Hfc^r i 6 0g$-C5Igl>r 1 0^ 
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•" >) .■'^BK^^cfc-^t^t i-' 
-UfcttAlT*, Jfr*<fctf±»^*/&p B S 0 5 ml ■ 
/C2@ft^^^ 
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..: 
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[0 08 3] .-f. ;■«©«».: 
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,1. " TTitle of Invention . . . 

DIARYL AMINES / 

2. . Claims 

. if'. . Acompbundof fQrn\\M:(\):. y . 



w Rj 




W is one of 





Xt is.O, S, or NR P ; 
XzisOH.SH.orNHRe;: 
each erf Rg: ahdxF^ 



• 
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each of R t and R 2 is independently selected from N0 2 , Br and CI; 



. . R 3 is H or. F; 



is-H. GI or GH 3 ; 

Wherein ^^ch hydfocarbbn radical above is 0 pt iona (ly ; substituted with between T 
and 3 substituerits independently selected from halo, hydroxy!, amino, 
(a^ 

w^reihea^heterpcycN 

and 3 substituents independently selected from halo, C 3-4 alkyi, C 3 -e cycloalkyl, 
C alkeriyt, C ^ all^nyl, phenyl, hydroxyl, arriino; (aimino)sulfonyli and N0 2 ; 
wherein! elaeh ; substituent alkyl, cycloalkyl, alkenyl, alkynyl or phenyl is in turn 
optio ha (ly su bstiMed with betweie n 1 a nd 2 substituent independently selec te d 
from amino, and NQ 2 ; 

or a pharmaceutical ac^^ 

"\yd.:<&->{ Aj'cbm 

3. A compound of claim 1, wherein R 2 is fluoro. . 

4. I A cbmpound of claim 1, wherein R 3 is H/ 

5. A compound of claim 4 ( wherein each of R 2 and R 3 is H. 
di-fi&.-d. a c6 m po und of claim 1, wherein e^t h of :R 2 and: R 3 is fluqro; .... 



A compound of claim 6, whe rein; R t is bromo. 
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8. A compound of claim 6, wherein R-, is fluoro. 



9. 



A compound ;df. claim. 1. wherein R 2 is nitro. 



10. 



A compound of claim 8 , wherein R 3 is H. 



11. 



A compound of claim 1 , wherein R4 is chloro. 



12: 



A compouridof claim 1 , wherein R4 is methyl: 



13. Alcompc^ 

14: A ^mpouhd df cfejm iv wherein R 5 is CH 3 . 7 

15. Aeomptiund of claim 1 . wherein Xi is d or S> ; 

16. A : compound of claim 

17. A compound of claim 1/ wherein X 2 is OH/SH, or NH2. 

18. A compound of claim 1, wherein X2 is NHOH 3 or OH. 

19 A phafmaceutical composition composing a compound of claim 1 
arid aiplteflM^ : . 

20. A compound of claim 1, having a structure: {5-fluoro-2-(lH- 
tetrazoI-5-yi)^henyl]-(4^odo-2-m H-tetrazdk 
5-yl>rphenyiK4-iodo-2-methyl-phenyi)' amine; (4-iodo-2-methyl-phenyl)-[2,3 t 4- 
• trifl^rpT6r(l Hrtetraz»l-5^yl) 

£^yl)^phenyi^^ ; 
yl)-pHenyl]^4^ 

2-yl)-5-fIuoro-phenyl]-(4-iodo-2-methyl-ph^nyl)-am 
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dihydrq-ox^ [67(4,4-: . 

dimethy!-4,5-dthydro-oxazol-2^ 

amine, {4-bromo^4^ 

. jodo-2-methyl-phenyl)-arTiine 0 [2-(4 0 4^imeth^ 
nititiDhenyl]-(4Hodo-2-methyl«pheny{)-amjne £ 5-{4-fluora-2 (4-iodo-2-methyl- 
phenylamino)-phenyl]-[1 < 3,4]thiadiazolr2,o) 1 5-{3 3 4-djfluoro-2-.(4-iodo-2-methyJ- : 

'phenylam 5^{3 l 4;5-trifluoro-2-(4-iodo-2-methyl- 

phenylaminoJ-phenylHl^^Jthiadiazoi^-ol; 5-{5^bromo-3,4-difluoro-2-(4-iodo-?- 

methyl-phen 5'[4-fIuoro-2-(4-ibdO"2-methyl' 

phenylaminp>5-nitro-phenYl]'[1 .S^Jthiadiazol^or 5-[4-(luoro-2-(4Modo-2-metnyl- 

phenylaminoJ-phenylHl^^loxadiazol^-ol, 5H;3 t 4-difIuoro-2-(4-jodO'2-methyl- 
phenylamiw^^ 

'.phenylam 

>phehy|aniim 
pheay|amino)-pheny)]^H-[r 

methyl-phenylamino^phenyHH-tl^^ltriazol^-ol; or 5-[4-fluoro-2-(4-iodo-2- 
methyl-phenyfamino)-5-nit^ 

21. . A compound of claim 1 . Haying a structure: 
5<4-fluoro-2-(4-iodo^2-methyl-ph 
5-[3,4-DtfIuoro-2-(4HOdo-2-m^ 
ylamine; 5-[3A5-Trifluoro-2^4^^ 

5-(5-bromo-3,4-difiuoro-2-(4-iodo-2-methyl- 

pHenylam^ , 
methyI-phenylamino)-phenyf]-[1 A4]oxadiazol-2-yiamine; 5-[3 t 4-difluoro-2-{4- 
iodo-2-methy!-phenylamino)-phenyJHl ,3,4]oxadiazol-2-ylamine; 5-[3,4 t 5-tnfluoro- 
2H[4-iodo-2-methy(-phenylamtno)-phenyl]-t1 ,3,4)oxadiazol-2-ylamine; 5-[5-brbmo- 
3,4^ifluoro-2~(4-iodo-2-rra^^ 




(33) #632 00 0-204 0 7 7; 

5-[4-fluoro : 2;-(;^ 

ylamine; 5-[4-fluoro-2-(4-jodo^^ 

yfamine; S^^ifluoro^-^^ 

P : .2 t 4|t#azol^ 

phenylHH-[| 0 2 t 4]tri^^ 

phenylaminqj-pfe 

phenylamino)-5-mtro^ 

methyl-phenyfamino)-phenyO-[1 ^thiadiazole^thioL 5-[3 4,5-trifIuoro-2-(4-iodo- 
. 2-methyJ-phenylamino)-phenyq-[1^^ 

(4Hpdo-2-memyr-phenyiamino)-5-nitro-phe 
fluoro-2-(4-icKio-2-methyi-pheny{amirTo)-phenylH 

tfitiuoro-2-(4-iodo-2-me^ 5- 

5-[^brom<>3^ 
[1.3 t 4]6xadiazofe2-thi6l; 5 
phenyiHl t 3i4]pxadiazdle 

P h ^y!]^W-[1 ,M]^32ble'3'thipl; 5^3,4-diflupfT^ . 

phenyfl^H-p^ltr^ 

phenylamm 

2^ethyi-p^ 

2-methyl^henyl^ 

. . . : 22: A compound of claim 1 , having a structure: • . 5-{4-f!u6rg-2-(4-ibdo-2- : . 
methyl-phenyiaminp)-phenyiHsolhiazol-3-<)l; 5-[3,4^ifluoro-2«(4Hodo-2-methyl- 
phenylamina)-phenyi]-isothiazol-3-ol; 5-[3A5-trifluoro-2-<4Wodo-2-methyl- 
ptienyfamino)-ptienyl]-jsothiazol-3-ol; 5-(5-bromo-3,4-<iifluoro-2'(44pdo-2-methyl- . 
phenyiamino}-phenyl]-lsoth[azo!-3-ol; 5-(4-fluoro-2^4-fodo-2-methyi- 
phenyiamind^ . 

phenylamino)-phenyl]-i$oxazo!-3-ol; 5-[3,4^ifluoro-2-{4Wodo-2-methyi- 
phenyl 
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.. ptenylamjnb>phenylH 

phenylanrvno)-p.henylHsoxazol-3-oi; 5-[4-fluoro-2^4HOdo-2-methy!-phenyiai7iino)' 

5-nitro-phenylj-isoxazol-3-oi; 5-(4-fluoro-2-(4-iodo-2-methyl-phenylarnino)- 

pBenyl]-1H-pyrazol-3^o(; 5-{3,4^ifluoro-2-(4-iodo-2 

1H-pyrazol-3-oi g 5-(3,4 f 5-tnfluora >2-(4^iodo-2-methyl 

pyrazoi-3-oi; 5 [5-brdmo-3 f 4<iiflu6ro-2^^^ 
. 1H-pyrazol-3-ol; :5-[4-flgp;ro^ 

pyrazol-3-Gl-4^[4-fluo^ 
: . . 4-[3 r 4-dinuQfOr2^4-i(Kl072-m 4:13,4 .5; 

tnfluoro-2-(4'!odo-2-methyl-pheriy(am 4-[5-bromo;3 4 

dlfluorO'2-(4-iodo-2-methyl-phenylamfn^ 

iodo-2-meth^^ 

phenylamino)-phenyi]^ • : : , : 

;ptienylarninp>phe 

phenylamind)-pHenyi^ 

5-nitfO-pheny^ 

phenylH-methyl-1H-pyra^ 

phenylamino^phenyl]^ 1-m<2thyl-4^^ 
. : iodOr2^methyl-|3hen^ 

(4^odo-2-mefo^^ 

23. A compound of claim 1 , having a s tructure: 5-[2-(2-amino-4-iodo- : 
■" . pheriyiamfno^rfluoro^ 
: ; : . iodo^h 

arrurK>^-fodo-phenyfamino)-3,4 t 5-trifluoro^heny^ 

.^^ : • 

[1 f 2,3]triazof-4-o!; 5-[2-(2-amino-4H'odo-phenyiamInoH-fluoro-5-nitro-phenyO-1- 
• : methyl-IH-fl^^Jtriazol^-ol; 5-[4-fIuofo-2-(4~iodcK2-methyI-phenyIamino)- 
: phenylJ-3-methyl-3H-[1 ; 2,3]trjaioj-4-ol; 5-[3.4-diflubro-2K44o<io-2-methy I - "■. 

phenylamino)-phenyi]-3-methyl-3H-^ 
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.(4^ 5-[5-bromq-3,4- 
dffluoro-2^4HOdo-2-methyl-phenylarnjno)-pheny^ 

5^[4-fluoro-2^ . 
[1 c 23]thazol-4-ol; 4-[4-fluoro-2^4-iqdo-^^^ 

2H-pyrazbl-3<>i; 4^ ■ 
methyl-2H~pyrazoi-3^ . 
Phenyiaminb)-p^^ 
metfoyl>pbeny!amino)^ 

mfethyf^henyiam 1-[4-fIubro-2-{4- 
iod<>2-methyl-phenylamirK))-phenyl^ i-[3 r 4^ 
dinuorOr2^4rjodOT2-npiethyl.phenylamtno)^h 

one; t-methy!T4-[3 ( 4.5-trifl^ 4, 

dihydro-tetrazDl-5-one; H5-bromo-3 t 4^jfluoro-2^4-iodo-2-methyl-phenylamjnoh 
pbenyJH-methyM,4^ 

phenyiamino)-5-n<^^ 1-[4-fIuorb-2- 

!odo-2-methyl-phenylamirib)-phenyl)-1 H-[1 t 23]triazo!-4-ol; i'[3.4 t 5-Wfiuoro-2H[4- : 
; ^ ^ t 2 ? 3]triazol-4-o!; i^S-bromb-S^-; • • .-: !: 

difluoro-2,{4-iodo-2-methy^^ or1-[4- V: 

24. A impound of claim . 1^ having a structure: 3-[4'flu6rd-2-(4-iodo-2- '.' 
methy! : pheny|amin^ 3p,4<(ifluoro-2-(4-iodo-2- ; . ; . . 

methyl-pheny!amino)-pheny[]-2H-isoxazol-5-one; 3-{3,4 ( 5-trifluoro-2-{4HOdo-2- 

\ : : 

«odb-2-methyl-phenylamino)-phenylK2H-isoxazol-5K)ne^ 3-{4-fluoro-2-(4Hodo-2- 
methyl-phenylamino)-5-nitrO'phenyi]-2HH"soxazo^5-one; [5-fluoro-2-{2-oxo-2,3- 
d| hydrp-2l>4r-[1 ,2,3, 5]oxa 
anTine;[2 f 3^ 

PhenyI]-(4-iodo-2-methyf-pheny^ 
:6^2^xo-2 l 3rdihydro^2I>4_r[l i 23,5]oxatW 

*?; [4-bromo-2 i 3-difluoro-6-(2^oxO'2,3-dihydrO'2l>4_-[1 .^.SJoxathiadiazoM-yl)- 
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phenyljv(4-iotipf2;:met {5-flubro-4-nitro-2-(2-o^O'2.3-dihydrO' 
2I>4_-[1 ,2,3,5]^ 4 .f4. 
fluorb-2-(4-i6do-2^ethyl^ 4-[3,4- 
difluoro-2-(4-iodp-2-methyl-phenylamlno> 4-[3,4.5- 
trifluoro-2-{4-iodb^me^^ 
3,4-difluoro-2^ 

fluoro-2-(4 T io^ . 

.25.. disease ^ 

comprising administering to a patient in need of such treatment a 
pharmacegttcally-effectlye amount of a composition comprising a compound of 
claim 1. ■ 

.26. A method of claim 25, wherein said proliferative disease is selected 
ftem psoriasis^ 

27- .' A method for treating cancer, said ritethbd comprising administering 
to a paitient in need of such treatment a pharmaceutica Hy-effective amount of a 
composition (^rhprisihg : a compound of claim 1,. 

29. A method of claim 27, wherein said cancer is MEK-related. 

29; A method of claim 27, wherein said cancer is brain, breast, lung, 
bvariarivpanpread 

30. A method for treating, or ameliorating the sequelae of. a stroke, said 
method comprising Administering to a patient faneed of such treatment^ 
pharmaceutically-effective amount of. a composition comprising a dompound of -.. 
claim 1 , 



".. '3Xr. .; A TO the sequelae of. heart failure, 

said method comprising administering to a patient in need of such treatment a 
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pharmaceuticalty^ffe.Gtiye amount of a.comjxisition comprising a compound of : 
claim T. 



32 - A method for: treating :or reducing the syrnptoms of xendgrii 
rejection, said-method;^ organ transpfarit or- bone 

marrow transplant patient a pharmaceutically-effective amount of a composition 
comprising a compound! of claim 1. 

33 A method for treating osteoarthritis, said method comprising 
, : :administering^ 

amount of a ro 

34, A method; for trea«ri^ 

administering to a patient \t\ ne^d of suchytf eattment a pharmaceutically^ffective 
amount of a composite 

35. A method for treating cystic fibrosis, said method comprising 
administering to a patient in need of such treatment a pharmaceuticaiiy-effective 
•amount of a composto 

36 v A method: for ^eating hepatoiri^gaiy. said method comprising 
administering to a patiM in^ n 

amount of a composition ojmp rising a compound .of claim. 1, 

\: ff:: : A rne ^? (J for treating : cardiomegaly , said method comprising 
administering to a patiently treatment alpharm 

amount of a composition comprising a compound of dainvt" ■ 

• Am^thod^ 
administering to a patient in need of such treatment a pharmaceutically-effective 
awurit of a composition 
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^ method for treating diabetes, said m^^ comprising 
administering: to a patient in need of suchtreatment a pharmaceuticaily-effective 
amount of a composition comprising a compound of claim 1 

A: : m^ 
administering^ 

amountof a composition: comprising a compound of claim 1 

adrtiinisteringtoa 

atife 

42. A method of claim 41, wherein sa^ 

: ( a ) : : 

administering to a patient in need of such treatment, a pharmaceuticaHyr.effective . 
amount of a composition comprising a compound of claim 1; and (b) 
administering a therapy selected from radiation therapy and chemotherapy. 

44. A method of claim 43, wherein said chemotherapy comprises a 
mitotic inhibitor. . 
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3. Detailed Description of Invention 

This invention [.relates to-diaryl amines such as behzoheteroaryis. 
• BACKGROUND 

MEK eniymes are 

immunomOdulatton, inflammation, and proliferative diseases such as cancer and 
restenosis. 

Proliferative diseases are caused by a defect in the intracellular signaling 
system, or the signal transduction mechanism of certain proteins. Defects 
include a change either in the Intrinsic activity or in the cellular concentration of 
one ormore.signaling.p^ a 
growth factor that binds to its own receptors, resulting in an autocrine: loop : which 
continually ;stim^ overexpr^^iori:of intracellular 

signaling proteins can-lea^ the cefli Sdrne of 

the mOst TOmmo 
aG^prof^ 

GDP. The above-mentioned growth factor receptors, and rhany other mitogenic 
receptors, when activated, lead td R^^ 

state; to the G is an absolute prerequisite for 

pjtoKferation ; fa the 

deactivation of the Ras-GTP complex, are common in cancers; and tead to the .; 
signaling cascade below Ras being chronically activated. 

: : jAetiyatecj; Ras ileadsM 
serine/threonine kinases. One of the groups of kinases known to require an 
iaOtiye Ras-GTP activate 
MEK (e.g., MEK 1 and MEK 2 ) which then activates MAP kinase, ERK (ERK, and 
ERK 2 ). Activation of MAP kinase by mitogens appears to be essential for 
projiiferation; constitutive activation Of this kinase is, sufficient to Induce cellular 
transformation. Blockade of downstream Ras signaling, for example by uise of a 
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dominant negative RaM protein, ;^:iCQmp.let<8iy:inhibit mitpgenesis, vtaelfter; 
induced from cell surface receptors or from oncogenic Ras mutants. Although 
Ras.is hot itself a protein kinase, "itipa rticipa tes in the activation of Raf. and; other 
kinases, most likely thfOugh:a.^^te^tion mechanism. Once activated, Raf 
and other kinases phosphoryiate MEK ph two closely adjacent serine residues, 
S 218 and S 222 in the case pf M 6K-1 . which are the prerequisite for activatioh of 
;MEK as a; kfnasej MEK m both a: tyrosine, 

Y " 185 . and a threonine residue, Tl% separated by a single amino acid This 
double phosphorylation activates MAP kinase at least 100-fold Activated MAP 
kinase can then catalyze the p^ 

including sev^ Many of the^M^:^^^^ : : 

£s:£:W In adcfitiontbrRaf^ :.; 

and MEKK. other kinases activate -MEK, and :M 

integrating kinase! Current understanding is that MEK is highly specific for the 
phosphorylation of MAP kinase, tn fact, no substrate for MEK other than the 
MAP kinase , ERK, has been demonstrated to date and MEK does not 
phosphoryiate peptides based on the MAP kinase phosphorylation sequence, or 
e Y?n: P h 9! sphprylate denatured MAP Wria^i jiMBC ato appears to associate . 
strongly with MAP kinase prior to : phosphory lating it, suggesting that ; : 
phosphorylation of MAP kinase by MEK may require a prior strong interaction 
between the t^ 

MEK are suggestive that it may have enough difference in rts mechanism of 
action to other protein kinases that selective inhibitors of MEK, possibly operating 
through ailosteric mechanisms rather than through the u sua! blockade of the ATP 
binding site; may be found. 
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SUMMARY 

The invention features a compound having the formula (I). below: 

... w .. a, ' . . 

. .- • • •; v- ^v^; : - • ; - • • 

W is one of the following formulae (i) - (xiii): 

;.;^-:V'-:- :: Xy - / :: •••4 .H 0 ' " P 

N-f* 3 R 5N-( N-NR 5 >~\ ON Vq O-S 

(i) («) '•: • (iil> (iV) (v) (vi) (vii) 





» • .".^^ . J**f". v :^rN •;.:V 7~N 

(viii) ^ ;(ix) (x) : . (xi) A -'"VfJ^-^'{. (xiii) 

Cu alkyl; each of Ri and R 2 is independently selected from H, F, N0 2l Br and 
CI. R 3 is selected from H and F; R< is H, CI or CH*. R 5 is HorC w alkyl. Each 

hydrocarbon raiiic^liiabo 

substltuents Independently selected from halo; hydroxyl-am 
and NO2: Each heterocyclic radical above is optionally substituted with between 
t;and:3 substituents C m alkyl, C cycloalkyl, 

C alkenyi/ C ^ alkynyl; phenyl, • 
wherein each substituent alkyl; cycfoalkyl; alke^ 

optionally substituted with between 1 and 2 substituents independently selected 
from halo, C 1.2 alkyl, hydroxyl, amino, and NO2. The invention also features a 
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pharmaceutically acceptable salt or C ,. a ester of a disclosed compound For 
example, the disclosed alcohol compounds may form esters having the structure 
obtained by replacing the H of a hydroxy! group with a -G(=0)G 1 7 acy! group 

The invention also relates to a pharmaceutical composition including 
(a) a compound of formula (I) and (b) a pharmaceutically-acceptable carrier 

The invention further relates to: a method for treating prolifeifative: diseases, 
such as cancer, restenosis;;^ 

Other aspects of. the in^ . 
(including ras-related) cancers, whether solid or hematopoietic. Examples of 
cancers include colorectal, cervical, breast, ovarian, brain, acuie ieutemia, 
gastric, non-small cell lung, pancreatic, and lung. Further aspects of the 
invention include methods for treating or reducing the symptoms of xenograft 
(organ or boheman^ 

cystic-fibre^^ : 
cardiomegaly, stroke (such as acute focal ischemic stroke and global cerebral 
ischemia), heart faif^ 

^ <^ 

infections such as HIV, hepatitis (B) virus (HBV), human papilloma virus (HPV), 
reovirus, cytomegalovirus (CMV), and Epstein-Barr virus (EBV). These methods 
include the step of administering to a patient, in need of such treatment, or 
suffering from such a disease or condition, a pharmaceuticaliy-effective amount 
of a disclosed compound or pharmaceutical composition thereof. 

The invention also featuries methods 
method for treati^ 

radiation therapy or chemptherapy,: for example, with mitotic inhibitors: such as a 
taxane or a vinca alkaloid. The chemotherapy or radiation therapy may be 
administer^ of ^ disclosed: r 

compound according to the needs of the; patient 

The method also features synthetic methods disclosed herein: > 

Other aspects bfthe^ 
. " • and claims • beibW; 
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DETAILED DESCRIPTION 
The invention features diai^r amine .conipounds, pharmaceutical 
compositions thereof, and methods of usingi such compounds and compositions. 

According to one aspert of the invention/ the compounds are MEK 
inhibitors MEK inhibition assays include the in vitro cascade assay for inhibitors 
of MAP kinase pathway described at: column 6, line 36 to column 7 0 line 4 of U S 
Patent Number 5,525,625 and the in vitro MEK assay at column 7 a lines 4-27 of 
the same patent, the entire disclosure of which is incorporated by reference (see 
also Examples 2-7 below). A whole ceil assay is described below in Example 5 

A; Tariffs 

Certain terms are defined below and by their usage throughout this 
disclosure. : 
. Alltyl groups include aliphatic (I.e., hydrocarbyl or hydrocarbon radical 
structures containing; hydrogen and carbon atoms) with a free valence. Alkyl 
groups are understood to include stra ight chain and branched structures; 
; Exa mp tes includ e methyl, ethyl, propyl, ispprp^ 
pentyli Isopentyi, 2,3-dimethylpropyl, hexyl, ^.S^limethylhexyl, 1,1-dimethyipentyl, 
heptyl, and octyi. Cycloalkyl groups include cyclopropyl, cyclobutyl, cyciopentyl, 
cydohexyl, cycioheptyl, and cyclooctyi. 

Alkyl groups can be substituted with 1 , 2, 3 or more substituents which are 
independently selected from halo (fluoro, chloro* bromo, oriodo), hydroxy, amino, 
alkoxy, alkylamino, dialkylamlno, cycloalkyl, aryl, aryloxy, arylalkyloxy, 
heterocyclic radical, and (heterocyclic radical)oxy. Specific examples include 

cyciopropylmethyl, benzyloxyethyl, (3-pyridlny()methyl, (2- or 3-furanyl)methyi, 
(24hienyl)ethyi 1 hydroxypropyi, aminocyciohexyl, 2-dimethyiaminobutyl, 
methoxymethyl, /V-pyridinylethyl, diethylaminoethyl, and cyclobutylmethyl. 

Alkenyl groups are analogous to alkyl groups, but have at least one double 
bond (two adjacent s;p 2 carbon atoms). Depending on the placement of a double 
bond and substituents, if any, the geometry of the double bond may be entgegen 
(E), or zusammen (Z), c/s, or trans. Similarly, alkynyi groups have at least one 
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. triple bond; (two adjacent sp carbon atoms). Unsaturated alkenyl or alkynyl 
groups may have one or more double or triple bonds, respectively, or a mixture 
thereo f; like alkyl groups, unsaturated . groups may be straight chain or branched, 
and they maybes substituted as described both, above: for alk^.: groups and 
throughout the disclosure by example Examples of alkenyls, alkynyls, and 
substituted forms include cis-2-butehyl. trans-2-butenyl, S^butynyl- 3-phenyi-2- 
propynyl r 3-(2-fIuorophenyl)-2-propynyl, 3-methyl(5«phenyl}-4rpentynyl 2- 
hydroxy-2-propynyl, 2-methyl-2rpropynyl, 2-propenyl 4rhydroxy-3rbutynyi s 3-{3- 
f!uofo:phenyl)^2-propynyl, and 2-methyl-2-propenyl in formula (I); alkenyls and 
alkynyls can be C 2-a or G 2 . 8 , for example, and are preferably C 3 ^ or C 3 . Q . 

More general forms of substituted hydrocarbon radicals include 
hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, hydroxycycloalkyl, hydroxyaryl, and 
corresponding forms for the prefixes amino-, halo- (e.g., fluoros chloro-, or 
bromo-i), nitro-, alkyl-, phenyl-, cycloalkyl- and so on, or combinations of 
substituents. According to formula ( I ), therefore, substituted alkyls include 
hydroxyalkyl; amlnoalkyl. nitroalkyl. hab as 
methylpentyt), (cycloalkyl^lkyl, phenylalkyl, alkoxy, alkylaminoalkyi, 
dialkylamjnoalkyl, arylalkyl, aryloxyalkyl, arylalkyioxyaikyl, (heterocyclic 
radicaljaN^^ > 
hy^ 

amihbalkenyl, aminoalkynyl; aminocycloalkyl, aminoaryl, alkylalkenyl, 
(alkyiaryl)alkyl f (haloaryijalkyl, (hydroxyaryljalkynyl, and so forth. Similarly, R A 
includes; hydroxyalkyl and aminoaryl, and R B includes hydroxyalkyl;; amindaikyl, 
aticl hydro .:•. 

Heterocyclic. radicals, which Include but are hot limited to heteroaryls, 
include: furyl, oxazolyl, isoxazolyl, thiophenyl, thiazoiyl, pyrrolyf, jmidazolyl, 1,3,4- 
triazdlyl, tetrazdlyl, pyridinyi, pyirimidinyl, pyridaziriyi, indolyl, and their . .. 
nooaromaife 

piperid y), quihplyi, IsothlazoJy) , pipericiihyf, mdrpHdliriy! r piperazinyl, 
tetrahydrdfuryl, tetrahydropynrolyl, pyrrolidine, octahydroindolyi, 
octahydrdbenzothidfuranyl, and octahydrobenzofufanyl 
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B. Compounds 



Mijn 

formula (i) in the Summary section. 

Embodiments of the invention include compounds.wherein: (a) R i: is bromo 
or chloro; (b) R 2 M : 
(e) each of R 2 and R 3 is flupro, (f) R t is bromo; (g) each of R t> R 2 and R 3 is fjubro, 
(h) R 2 is nitro, (i) R 3 is H; (j) R< is chloro, (k) R4 is methyl; (I) R s isH,(m) R 5 is 
CH 3 ; (n) X1 is O or S; (o)X, isNHor NCH 3 ; (p) X 2 is OH, SH, orNH 2 i (q) X 2 is 
OH, (r) X 2 is NHRe; (s) R4 is H; (t) R4 is chloro or methyl, or combinations thereof 

Preferablyi where one df the substituents on a heterocyd 
alkenyl or alkynyl group, the double or triple bond, respectively, is not adjacent 
the point of attachment when it is a heteroatom. For example, in such a situation, 
: . Une substituent is preferably prop'2-ynyl, or but-2 or 3 -enyl, and less preferably 
prop-l;-ynylor.but-1-ehyl. 

Examples of compounds include: [5^fluoro^2r(1H4etrazoI-5-yl)-pher1yl]-(4- 
!Odo-2rmethyl-phenyl)-amine; [2,3«3ifludror6-( 1 Hrtetrazol'5-yl)-phenyl]<4-iodo-2' 
methyl-phenyt)* amine; ^-iodo^-methyl^phenyl)-^^-^ 
yl)-phenyl}-amine; : 
imethyt-phenyl)ra^ 
m ethyl-ph eny l}^ m^ 

difluororph [6-(4;4^imethyl^;5-dihydro : 

(4,4-dimethyM,5<lihy^ 

phenyl famine; {2^4 t 4TdimethyM,5<lih^^ 

C4itod^^ 

Phenyq-[1 f 3,4]thiadiazoW-oi; 5-[3,4>trifluoro-2-(4-iodo-2-mem^ 

phenylamino)^ 5r[4-fiuoro-2-(4-to^ • : 

•ph 
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, phenylamino)-phenylHl /3,4]oxadiazdlr2H0l, 5-[3:4-difluoro-2-^ 
phenylaminofphe^ 

pheny]arnino)-phenyl]-( 1 ,3.4]oxadiazbl-2-bl, 5^[^brdmo-3 0 4rdifluora 2 (4-io 

methyl-phenyiamino)-pheny^^^ 

phenylamino)-5Hiitroi)henyl]^ 

phehylamiho^phenylHH-fl^^ltriazol-a-ol; 5-[3j4<lifluoro-2-(4-lod 
phenylamino)-phenyHH-fh 
phenyiamirio)-phenyJHH-f^ 

methyl-phenylamino)-phenyl]^H-[1,2 4]thazo^3^L and 5^(4 fluoro-2-(4-iodo-2- 
metfiyNphenylamin^^ 

Further examples include: 5-[4-fluoro^ 
phenylK1,3,4]tiiadiazol-2^ 
phenylammo)-phenylHl ,3,4]th^ 

metfiyl-pfienylarnino)-phenyi]-[1 .S^lthiadla^lr^-ylamlne; 5^54>TOrno-3,4-' 
djfluoit>^^ 

[4-fluoro-2-(4-iodo-2-iT^ .. ... 

: yjamirie; :!^ 
ylarnmer 

[1 ,3,4]oxadiazol-2-ylamine; 5-[3A,5-trifluaro-2^4^iodo-2-met^ 

phenyi]-[1 t 3Afaxad\azQ\-2-y\an\\T\e; 5-{5^bro^3 t 4rdffluor<>-2-{4-iodo-2-methyh 

phenylamino>-phenyl]-[1 ,3,4]oxadiazoI-2^ylarnine; 5-[4-fluoro-2^4-iodo-2-methyl' i 

phenylarnino)-5-nitro-phenyl]-(1 .S^loxadia^dl^-yfamine, 5-[4-fluorO-2-(4-iodo-2- 

methyl-p 5-[3,4-<Jif]uoro-2-(4- 

ipdo-2-methyJ-phenylamino)-phenylHH-[1^ 

2^44qdo-2-methyl-phenyfami™^ 

3,4KJifluoro-2-(4HOdo-2-methyl-phenyiamino)-p^ 

yteminer5-[4-flM^^ 

thiol; 5-[3,4 i 5-trifIuorO"2^4sodo-2-methyl-phenyIami^ 

24hio!;^ 

fiv3;^^ 
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phenyl]^ ,3.4]Nadiazo!e-2^hiol^^ 

phenyl]-[1 t 3 l 4]oxadiazole : 2-thioi; 5-[3.4-difluoro-2^4-i^ 

phenyJMtM]^ . : 

phenyIamino)^phenyl]-[1 ,3.4]oxadiazo!e-2-thiol; 5-[5-bromo~3.4-difluofX)-2-(4Hodo- 

2-methy|rpheny!amko)^ 

methytphenyfamlno^ 

iodo-2-methyI-pheny]amino)-phenyf]-4H-[ 1 c 2,4]triazo!e<3-thiot 
iodo-2-methyI-phenylamino^ 5r[3,4 5-trrfluoro-2 

(4Hodo-2-methyl-phenyIamino:^phenylHH-[1 s 2 # 4]tfiazote-34hidf : 5-f5^bromo°3^ 
difluoro-2-(4-iodo-2-methyl-phenylamino^ and 5- 

f4-fluoro-2-(4-iodo-2-methy^ 
thiol, 

Additional examp^ ' 
phenyl]risbthiazol-3-oI; 5-[3,4-dinuoro«.2-(4-iodo-2-methy!-phenylamino)-phenyi]- 
isothiazoM^I; 5^3,4,^ 
isothiazol-3^ol; 5r{^ 

isothiazol-3^ol; 5-[4-fluofO-2-(4-iodo-2-methvi-phenyla 
isothiazol-3-ol; 5-[4-fluon>2-(4-iodo-2-memyU^^ 
5-[3 f 4-diflu6ro-2^4:4od6>2^ethy 
.t(^uqro-2r(4 : -i6d 

difluorcK2^4-iodo-2-methyf-pHenylam 5-[4-ftuord-2-(4- 
iOdo-2-me%l-phenylamino)-5-nitro-phenyr]-isoxazoi-3-ol; 5-(4-fluoro-2-(4-todo-2- 
methyj-phenylamino)-pheny!]-1H-pyrazol-3K)l; 5-[3,4-difIuoro-2-<4-iodo-2-methy!- 
phenylamino)-phenyi]-1H-pyrazot-3-ol; 5-[3A5~trifluoro-2-(4-iodo-2-methyi- 
phenyiamino)-phe^ 

methyl-phenylamino)-pheny?i-1 H-pyrazoi-3-ol; 5-[4rfluofo-2-{4Hodo-2-methyl^ 
phenylamino)-5-nltro-phenyq-1H-pyrazol-3-of; 4-(4-fluoir)-2-(4-iodo-2-methyl- 
phenyIamino>phenyl}-lsothiazol-3K)!r4-[3 t 4Hdifl 
phenylamjno)i5henyl]-isoth^ 

pheny!amino)-phenyl]-isothjazol-3-oL 4-[54>rdmcH3 t 4<rfluoro^ 
phenylamlno)-phenyI]HsothiazoU3-ol; 4-[4-fluoro-2^4HCKjo-2-methy]- 
phenylamirio )-5-nitn>phenyl]-isothiazol-3-ol; 4-{4-fluoro-2-(4-iodo-2-fnethyl- 
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phenylamrno)-phenyl]-isoxazpl-3-ol; 4-[3,4-dif!uo^ 
pfteny!amino)-phenyl]-isoxazoir3-ol; ^-[a^.S-trifluoro-^^-iodo^-methyl^ 
phenyiamino)-phenyl]-isoxazQl-3-dl; 4- 
phenylamino)-phenyl]-isoxazoI-3-ol; 4-(4^ 
5-nitro-phenyQ-isoxazol-3^ 
:pheny!]r1-me^ 

:phenylaminohpheny!}-1 : -rf^^tH^^^1^li: 1 -methyl-4-{3,4,5^trif luoro-2-(4- 

Kxlo-2-methy|-phenylamm^^ 

(4HOdo-2-methy^phenyiamino^ 

2-(4-iodo-2-m^^ 

The invention also ^fe^ 
ptienylarTtin^ 

5-[2^(2- : 

ijaminp^ 

• 5-[2K2-am^^ H- . 

I*;^ 

phenyl]-3-niethyi-3hi-[1 ,2,3itf1azol-4-oI; .S-iS^^ifluofO^-iodo^-methyl- . 

phenylamino)-ph<^yi}-^ 

(4-iod^ 

r ^ 

5-[44luoro-2-(4-ibdo-2-methyl-pte^ 
il ,2;3]friazol-4'0!; 4-[4-fluoro-2-^ 

2H-pyrazo!-3-ol; 4-[3 l 4-difluoro-2-(4-iodo-2-methyl-phenylamino}-pheny)}-2- 
rnethyl-2H-pyrazol-3-ol; 2-rnethyl-4-{3 1 4,5-tiifluoro-2-(4-iodo-2-methyl- 
phenylaminp >-pheny«]-2H-pyrazol-3-ol; 4-[5-bromo-3>4^iflu^^^ 
methyl^heriyiaminoy-pheny^ 

methylrphe^ 1-[4-fluoro-2-(4- ^MT'^ 

i0dp-2rmethyt-phenylamino}-pheny!]^-methyl-1 f 4-dihydro-tetrazo!-5-one; 1 -{3,4- 

difluofo-2-(4-iodo-2rmettiyl^ 

one; 1-methyM43,4,5-trffluoro-2-(4-iodo-2-^^ 

^hydro-tetrazol-5-one; i -[S-bromo-S^-dffl 
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phenyl]-4-methyi-1/-dihydro-tetrazol-5'One; 1-[4^fluoro 2-(4-iodo-2-methyl- 
phenylamino^nito^ 1-[4-fIuoro-2- 
(4-iodo-2-iTiethyl-phenylamirK)>phen 
iodo-2-nrtethyl-phenylamino)-pheny!)-fH^^^ 

iodo-2-methyl-phenyiamino)-phenyl]'1 H-[1 f 2,3]tnazol-4-oi; 1^[5-bix>nx>3 f 4^ 
difluort^2-(44^^ and 1 -[4- 

fluoro-2^icKib-2-methy|rphenyiamino)^^ 

Further examples of the invention include 3r[4rflu0it)'2-<4-ipdoi-2Tmethy!- 
phenylamin6)-phenyl]-2H-i$oxazol-5-one 1 3[3 l 4-difluoro-2r(4-iodo-2-methyl- 
phenylatTunb^ 3-[3i4i5-^ 

methyi-phenyia™^ 

phenylamino)-5Hnitro-phenyl]-2H-isoxazol-5<3ne; [5-fluoro~2-( 2 -oxo-2 ,3<l ihyd ro- 
2l>4^-[;i^ 

dif}uoro-6-(2-oxo-2 ( 3Hjihydro-2l>4_-[1 ,2A5]oxathiadiazoM-yl)-phenyi]^ 
methylrphe^ 

dihydro-2l>4_"(1,2 > 3 l 5]oxathiadiazol-4-yl}-phenyQ-amine; [^brqmo-^S-difiuoro-S- 
(•Z^xq-^S^ 

phehyl)ramine; [^fluorb-4-nifro 

phenyIamino)-phenyi]-4H-isoxazoi-5-one; ^ 4-[3 l 4^ifluonD-2-(4-ioc!o-2- : methyf- : 
pheny1amino)-phenyl]-4H-i$oxazoI-5-one; 4-[3A5-trif)uoro-2-(4HOdo-2-methyl- 

; ;'phehylami^ 

"metoyl^phenylamln^ 

methyl-phenylamino)-5-nitro-phenylHHHSoxazol-5-one. 

C. Synthesis , ; 

The disclosed compounds can be synthesized according to Schemes 1-5 
or analogous variants thereof. These synthetic strategies are further exemplified 
in :^ampj^1 ; . 
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D. Uses 

The disclosed compositions are useful as both proph^iptlc and 
therapeutic tre^tirr^hts for diseases or conditions as proVided jn the Summary 
section, as well as diseases or conditions modulated by the MEK cascade. 
Examples include stroke, heart failure, osteoarthritis, rheumatoid arthrrtis, organ 
transplant rejection, and a vanety of tumors such as ovanan, lung pancreatic, 
brain, prostatic; ahd colorectal. 

. t;l: ; ;:D[C^S^i^Si : ! . " 

Those skilled in the art will be able to determine, according to known 
methods, the appropriate dosage for a patient, taking into account factors such as 
age; weight;^ 

presence of other medications. In general, an effective amount will be between 
0.1 and 1000: rrijg/kg^ " 
and dally dosages will be between 10 and 5000 mg for an adult subject of normal 
weighty <^itW 
and ifilm^6at^^ 

administered according to the disclosed methods. 

Dosage uniforms include tablets, capsules, pills, powders, granules, 
aqueous; and nonaqueous oral solutions and susperisions- and parenteral 
solutions packaged in containers adapted for subdivision into individual doses. : 
Dosage unitfonrc can a 

including controlled release formulations, such as subcutaneous implants. 
Administration methods include oral, rectal; parenteral (intravenous; : ' 
jntramuscuia^ 

intravesical, local (drops, powders, ointments, gels, or cream), and by inhalation 
(a buccal or nasal spray). 
Parenteral ^ 

nonaqueous solutions, dispersion, suspensions, emu lsions t and sterile powders 
for the preparation thereof ; Examples of earners include water, ethanol, polyols 
(propyi^ne gly^ and injectable organic • 

esters such as ethyl oleate. Fluidity can be maintained by the use of a coating 
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such as Jecithin, a surfactant, or maintaining appropriate particle size. Carriers 

for solid dosage forms include (a) fillers or extenders, (b) binders, 

(c) hurneictants; (d) disintegrating agents, (e) solution retarders. (f) absorption 

accelerators, (g) adsorbants, (hj lubricants; (i) buffering agents, and 

(j) propellants. 

Compositions may also contain adjuvants such as preserving, wetting, 
emulsifying, and dispensing agents; antimicrobial agents such as panabens; 
chldrobutanoL phenol, and sorbic acid; isotonic agents such: as a sugaror sodium 

chloride; absprption-p^ 

gelatin and absorption-enhancing agents. 

3. Related bOhlp^ . . 

The invention provides the^ 
pharmaceuticaily acceptable forms of the disclosed compounds, such as salts, 
esters,. amides, hydrates or solvated forms thereof; masked or protected forms; 
and racemic mixtures, or -enantiomericaily or optically pure forms/. ; : : 

.. Pharm^eeutic^^ 
salts (e.g., C ^ alkyl, cycloaikyl. aryl, heteroaryl, or non-aromatic heterocyclic), 
amihd acid addition salts 

benefit/risk ratio, pharmacologically effective, and suitable for cont^ with the : . 
tis sue s of patie nts imtatib n^ or allergic respbn $e^ ; 

Representative salts- include hydrobro^ sulfate, bisutfate, 

nitrate, adetate, oxalate, valerate, oleate, palmitate, stearate, laurate; borate, 
benzbate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate, 

faurylsulfonate. These may include alkali metal and alkali earth cations such as 
sodium, potassium, calcium, and magnesium, as well ias non-toxic ammonium, 
quaternary ammonium, and amine cations such .-as tetramethyl ammoniurn, 
methylamine, trimethylamine, and ethyJamfne. See, for example, S.M. Berge. et 

herein by reference. Representative pharmaceuticaily acceptable amides of the 
invention include those derived from ammonia, primary C 1* alkyl amines and 
secondary di (C ^ alkyl) amines. Secondary amines include 5- or 6-membered 
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heteroGyclic or heteroaromatic ring moieties <»ntai.ning at least one nitrogen atom 
and optionally between 1 and 2 additional heteroatoms. Preferred amides are 
derived from ammonia, C1.3 alkylpnmary amines, and di (C ^ aikyljarriines. 
Representative phanmaceutically acceptable esters of the invention include 
G & alkyl; C 5.7 cydoalkyl, phenyl, and phenyl(G realty esters. Preferred esters 
: iritiudeim^ ' 

The Invention also includes disclosed compounds having one or more 
functional groups (e g , hydroxy!, amino, or carboxyl) masked by a protecting 
group Some of these masked or protected compounds are pharmaceutical^ 
acceptable; others will be useful as intermediates Synthetic intermediates and 
p^ces$e^d 
scope of the invention. 

HYDROXY! PROTECTING GROUPS : 

Hydroxy! protecting groups include: ethers, esters, and protection for 1.2- and 
1 ;3^i6fe^ : ;T^ methyl, substituted.imethyl 

ethers, substituted 

conversion^ ethers to other functional groups. 

■ Substituted Me^ 
Substituted methyl ethers include: methoxymethyl, meth ylthiomethyl , (- 
utythio^ methoxymethyl , benzyloxymethyl, p- 

■ ;et^^ 
butoi^e^ 

trichloroethpxymethyl, bis(2-chlbro- etho^ 

tetrahydrdpyranyl, 3-bromotetrahydro-pyranyl, tetrahydrothiopyranY(, : 1- 
methoxycyclohexyi, 4-methoxytetrahydropyranyl, 4-rnethoxytefrahydrothfo- : : 
pyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxido, 1-[(2-cht6ro-4-: 
methyi)phenyi]-4-methoxypiperidin-4-yi t 1 ,4-dloxan-2-yl, tetrahydrofuranyl, 

.. iethanobenzof uran~2?yl . 

Substituted Ethyl Ethers 
Substituted ethyl ethers include: 1-ethoxyethyi, V(2,chloroethoxy)ethyl, 
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l-methyl-1-methoxyethyiv 1-methyl^ 

fluoroethyl, 2v2/2-trichtoroethylr2-trimethyJsilyethyl, 2-<phenylselenyl)ethyf t f-butyt, 
allyl, p-ch!orophenyl, p-methoxyphenyl, 2,4-dinitrophenyl, and benzyl. 

Substituted: Benzyl -Ethers 
Substituted benzyl ethers include: p-meth 

o-hitfobenzyl, p-nltrobehzyl. p-halobenzyi, 2,6<jich!orobenzyl-prcygnobenzyl, 
p^phenylbenzyi, 2- and 4-picolyl, 3-methyl-2-picoiyl /V-oxido/diphenylmethyl, 
p, p'-dinitrobenzhydryl, 5^dibenzosuberyl, triphenylrnethyl, d^naphthyldiphenyl- 
methyl, p-methoxyphenyldiphenyfmethy!, di(p-methoxyphenyt)phenylmethyl, crh 
(p-methoxyph^yf )methy£ 4 

4 I 4^4''-t^is(4,5rdlehlorophthallmldophenyl)methyl, 4 l 4 # ,4"-tns(fevulinoyloxyphenyl) 
methyj, 4,4\4 w tris(benzoyloxyphenyl)methyl l 3K^?^^^^ W ^)^'C4 # <^ V ' 
dimethdxyphenyO-methyl, 1 ; ;i4>i$p 

benzisothiazolyl ^S-dioxldo. 

Silyl Etfteris ' • " 
Silyl ethers include: tnnr^ thyis Ny I; trie thy Isi ly I , triisqpropylsHyl; t:- T^'Y 
dimethylisopropylsilyl, diethylisopropylsilyl, dimethylthexylsilyl, f-butyldirhethyf silyl, 
/-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyi, diphenylmethylsiiyl, 
arid f- bi^lmethoxyjphenylisl^ 

ESTERS 

Esters protecting groups include: esters 
miscellanea^ 

• : Esters ■ • 
Examples of protective; esters include: formate, bbnzoylfdrmate, acetate, 
chloroacetate;:^ 

triphenylmethoxyacetatei phenoxyacetate, p-chlorophenoxyacetate, p^Pr 
phenyiacetate, 3-phenylpropionate, 4-oxopentanoate {tevulinate), 4,4- 
(ethytenedithio) pentanoate/pivaloate, adamanto 
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methoxycrotonate, benzoate, p-phenylbenzoate , and 2,4,6-trimethylbenzqate . . . 
(mesitoate). 

Carbonates 

Carbonates include: methyl, 9-fiuorenylmethyI, ethyi, 2,2,2-tnchloroethyl; 
2^trimethylsilyl) ethyl, 2-(phenylsutfo;ri 

isobutyl, vinyl allyl, p-nltrophenyl, benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, 
onitrobenzyl, p-nitrobenzyl, S-benzyl thiocarbonate, 4-ethoxy-1-naphthyl and 

;methyl dtthiocarbonate. 

Assisted Cleavage 

Examples of assisted cleavage protecting groups include 2-iodobepzoate, 4- 
azido-butyrate, 4-nitrb-4-methylpentanoate L o^dibromdmethyl) benzoate, 2- 
formylbenzene-sulfonate, 2-(methylthiomethoxy) ethyl carbonate, 4- 
(methylthiqmethoxymethyl) benzoate, and 2-(methylthiomethoxymethyl) 

benzoate. ,:. : v::.:"- "ty'\XW"?' : ' 

. Miscellaneous: Esters ' 
In addition to the above classes, miscellaneous esters include: 2,6-dichIoro-4- 
meth^^ 

2,4^iirs(;i , 1 <l jmethyfprp pyi) phendxyac^tate; : cHforodiphehylacetate; ; jsobu 
monosuccinoate, ( £V2-methy l-2-butenoate (tigloate), o-(iYiethoxycarbonyl) 
berizoa^ 

:teiramethylphbsphorGd 
: dimethylph^ 

Sulfonates 

Protective sulfates includes: sulfate. methanesuifonate(mesyiate) f : ; 
benzylsuffonate, a nd : tosylate. 
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PROTECTION FOR 1 ,2r AND 1 ,3-DlQLS 

The protection: for 1,2 and 1 ,3-diols group includes: cyclic acetals and ketals, 
cy die ortho- esters, arid silyl derivatives. 

Cyclic Acetals and Ketals 
Cyclic acetals and ketals include: methylene ethyhdene, 1-M>utylethylidene, 
1 rphenylethylidene, (4-methoxyphenyl) ethyl id en e, 2, 2;2-tnchloroe thy lid e ne , 
acetonide (isopropylidene), cyctopentylidene, cyclohexylidene, eyctoheptyfidene, 
benzylidene, p-methoxybenzylidene. 2 f 4-dimethoxybenzyIidene, 3,4^ 
dimethoxybenzylidene, and 2-nitrobenzylidene. 

Cyclic Ortho Esters 

Cycttc ortho esters include methoxyiriethylene, ethoxymethyiene, dimethoxy- 
methylene, irmethoxyiethylidene, 1-ethoxyethyiidinei t^dimethbxyethylidene; 
a-m^thoxyben^lidene,; 1H[A^^ 

dimethytamino) benzylidene derivative, and 2-pxacyclopentyIidehe 

PROTECTION FOR TH E CARBQXYL G ROUP 

. ESTERS .. . .. . 

Ester protecting groups include: esters, substituted methyl esters; 2-substituted 
ethyl esters, substituted benzyl esters, silyl esters, activated esters, 
miscellaneous derivatives, and stannyl esters. 

Substituted Methyl Esters • : . 
Substituted methyl esters include: 9-fiuorenylmethyl, methoxymethyl, 
methylthiomethyl, tetrahydropyranyl, tetrahydrofuranyl, methoxyethoxymethyl, 2- 
(trimethylsilyl)ethoxy-methyl, benzyloxymethyl, phenacyl, p-bromophenacyl, a- 
methytphenacyl, p-methoxy phenacyl, carboxamidomethyi, and A/- 
phthalimidomethyl. 

2-Substituted Ethyl Esters 
2-S.ubstituted ethyl esters include: 2,2^^1^ . 
2-(trtmethyisiiy)ethyt, 2rmethyfth|oethyi; i,3^ithi 

nitrophenylsu(fenyi)-ethyl t 2-(p4oluenesulfonyl)ethyl f 2^2'-pyiidyf)ethyl, 2> 
(diphenyiphbsphinojethyl, 1 -methyl-1 -pheriyfethyi, f-butyl, cyctopentyl, cydofoexyl, 
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ally!, 3-buten-1 ^ cinnamyi, a-methylcinnamyf, 

* 

phenyl, ^(methylmerc^pto^phehyi, and benzyl. 

Substituted Benzyl festers : 
Substituted benzyl -'^s^^ii^ludid:- .Mpti'enyinriethyl. cliphenylihQetftyt;' 
bis(c>mtropheny!)methyl ^anth 

suberyi, 1-pyrenylnleth^ 

trimethylbenzyl^ 

2,6-dimethoxybenzyl, 4-{methylsulfinyj)benzyl, 4-suifobenzyl, piperonyf, and 4-P- 
benzyl: 

• Silyl Esters : v 
Silyl esters include: trimethylsilyl, triethylsilyl, f-butyldimethyl$nyl r i- 
propyldimethylsityl, phenyldlmethylsilyl, and di- f-butylmethyfsilyl. 

Miscellaneous Denyatives 
Miscellaneous d^riy^ 

oxo-1 ,3-oxazolidines- 5-alkyM^xo-1 ,3 ortho esters , phenyl group, 

and pentaaminocobalt{lll) complex 

. . Stannyl Esters • .. . 

E xam pies ; of stannyl es^ 

AMIDES AND HYDRAZIDES '.:• :. 

Amides includ e: N;N dimethyl , pyrrolid inyl, pipe ridinyl, 5,6- 

dihydrophenanthridinyl, o-nltroanilides, W-7-nitroindoIyl, ^8-nitro-1, 2,3,4- 

tbtrahydroquimlyl; and p^Rnbenzehes 

^'N-^iisbpropyl and other dialkyl hydrazkJes.- - 

PROTECTION FOR THE AMINO GROUP 



CARBAMATES 

Carbamates include: carbamates, substituted ethyl; assisted cleavage; photolyti 
cleavage, urea-type derivatives, and miscellaneous carbamates^: -i:: 
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" Carbamates : 
Carbamates include methyl and ethyl, 9-fluorenylmethyl, 
sulfSjflto 2.7-d i-f-butyi-[9-( TO, 10- 

dioxo-1 0, 10, 10, 1 O-tetrahydro- thioxanthyl)Imethyl, and 4-methoxyphenacyl 

■ Substituted Ethyl 

Substituted ethyl protective groups inclu#:r :*."'. 
trlmethyisilylethyl, 2-phenylethyl, 1^1-adamahtyl^1>methylethyi, 1 ,1-dimethyl-2- 
haloethyl.t/ldime^ 

•ftieth^ 2-(2'-and 4'^ 

pyridyl)ethyl ( 2-(/V,A/-icyclohexylcarboxamidb)- ethyls-butyl, 1-adamantyl, vinyl, 

ally!, I^sopropylallyi, connamyi, ^nitroeinnamyL 

alkyldithio, benzyl, p-methoxybenzyl, p-nitrobenzyl, p-brqmobenzyi, p- 

chldrobenzyl, 2,4dieh!orobenzyi, 4-methylsulfinylbenzyl, 

9-anthrylmethyl, and diphenylmethyL: 

Assisted Cleavage • 

Protection via assisted cleavage includes: 2-methylthi6ethyl, 
2-methyisuIfonyIethyl, 2-(p-tofuenesulfonyl)ethy(, [2-{1,3-dithianyl)]methyi i 
4-methylthiophenyl, 2,4-dimethyl-thio phenyl, 2-phosphoruoethyl, 
2^npheny[phosphpnioisopropyl, 1 , 1 -dimethyl^cyanoethyj, n?-chloro-p- 
acyibxybenzyl, p^dihydroxyboryl)be 
2r(trifluoromSthyl)^ 

Photblytic Cleavage 
Photoiy^ cleavage meth^ 

dimethoxybenzyl, o-nitrobenzyl, 3.4-dimethoxy-6-nitrobenzyl, and phenyl(o- 
nitfdph^iyljmethyl. * 

Urea-Type Derivatives 
Examples of . of urea-type derivatives include: phenothiaziriyK10)-carboriyl 
derivative, A/'i>toluenesulf6nylaminocarbony1 t and N '-phenyiaminothiocarbonyl. 
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Miscellaneous Carbamates 
In addition to tlie: above, miscellaneous Garbamates include : f-amyl, S-benzyl 
thiocarbamate, p-cyariobehzyl, cyclobutyl cyclobexyl, cycloperityl 
cyclopropylmethyl, p-decyloxy-benzyl, diisopropylmethyl, 2,2- 
d imethpxycailxjhyivinyl, o^MA/^dimethyl-carboxamido^benzyl, 1 ,1-dimefhyl> 
3(A/,^dfmethy!carboxamido)propyI, .1 J -dimethyl-propyny!, di{2-pyndyl)methyl, 
2-furanylmethyl, 2-iodoetbyl, isobornyl, isobutyl, isdnia>tinyl ? pip^ethoxyphenyl- 
azo)benzyl, inrnethylcyclobutyl, 1-methylcyctahexyl. i-methyl-1 -cyclopropyl- 
methyl, Ir^ethyl^ . 
ethyl/1-ri^^ 

p-(phenylaizcO!^nzy^ benzyl : and 

2.4,6rtrimethy!benz^^': •■ • 

AMIDES 

Amides :. 
Amfdies iriciud^ 

/V-trifluoroacetyJ, N-phertyiacetyl, /V-S'phenylpropipnyl, N-picolihoyl. N-3-pyndyI- 

carboxamide, A/-benzoylphenytalanyl derivative, N-benzoyi, and /V-p- 
phenylbenzoyl 

" Assisted Cleavage : '-• 
Assisted cleavage groups include: /V-o-nitrophenylacetyl, N-o- 
nitrophenoxyacetyi, N-acetoacetyl, (Af-dithiobenzyloxycarbonylamino)acetyl, 
(p-hydroxpheny!) pnopionyl, N^o-nitrophenyOprqpionyl, ^2-methy!-2-{0: 
nitrophenoxy)propionyl, A^2-m^ 

chlorobutyryl^ A^3-methyl-Mtr6ta Macetylmethidnine 
derivative, Ak^niVpbenzpyi,; A^{benzoyloxymethyl)benzoyl, and 4v5-diphenyI-3- 
oxazolin-2-or>e. 

Cyclic Imide Derivatives 
Cyclic imide derivatives include: A/-phtha!imide, /^drthiasuccinoyl, 
N-2,3Kliphenyl-maleoyt, /^2,5-dimethylpyrrolyl, 
AMj,4>4^tetra 
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1,3<i;methyl-^ 

1 .S.S-triazacyGlohexan-Z-one, and 1 -substituted 3^ 
SPECIAL -NH PROTECTIVE GRQUPS 

Protective groups for ^ NH: include. A^alky! and Afraryt amines, imine derivatives, . 
enamine derivatives, and A/-hetero atom derfvatives (such as metal N-N N-P, 
N-Si, arid N-SJ. ^ 

A^AIkyl and /^Aryl Amih 
A^alkyl and 7S/-aryl Wf^ih^ !p<^^^ W-methylv N-allylv A/^trinrte^ 
methyl A/-3^acetoxy^ 

quaternary ammonium salts, A^benzyl, /^di(4^methoxyphenyl)methyIi 
AfSHjibenzosuberyl/^ 

A^9-phenylf]udfenyt; N4,7^iChloro-9-fluorenylmethyl^ri : 
and : N-2-picofy1amine N '-oxide.x' ; 

. Imine P^nvati>/e$ ; • •• ■• 

Inline derivatives include: AM ^Kiimethylthiomethyfene, /V^nzylidene, 

A/-p-metboxybenzy^ 
A/^N^'Hiimetoyfamindrre 

N-salicylidene; A/^-chfOfTbsaiicyiidene, A^(5^1oro-2^ : : 

methylene, and A^cyclohexyfidene. 
Enamine Derivative 

An example of an enamine derivative is ^-(S.S-dimethyl-^oxo-l-cyclohexenyl). 
. . A/-Hetero Atom Defivatlves 

A/-metal derivatives Include: A/-borane derivatives, A/-diphenyIborinic acid 
derivative, AHphenyJ(pentacarbonylchromium- or -tungsten)]carbenyl, and 
/V-copper or A/^zinc chelate. Examples of N-N derivatives include: A/-hitrp, 
AMiitroso, and A/oxide, Examples of N-P derivatives include: -;V 

N-diphenylp^ ; 
A/-dialkyi pho^ and; AMJiph^ 

Examples of Ateulfenyf derivatives include: Af-benzenesulfenyi, 
AZ-o-nitrobenzenesutfenyi, N-2,4-dinitrobenzenesulfenyl, 
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A^pentachlorobenzenesulfenyl; N*2*ni^ 

triphenylmethylsuifenyi, and /V-3rnitropyridin^.Liifenyl. .Ataulfonyl derivatives 
include:; W-f^toiuenesulfonyl, AM3enzenesulfbn : ^ 
4-methoxybe^ ; 

2 6-dimethyf-4-melhoxy-ben2enesulfonyl /V-pentamethyfbenzenesulfonyl A/- 

2 ,3,5 6'teiramethy f-4-methoxybenzene- sulfohyl, /V^-methoxybenzenesulfonyt 

A/-2 4 6-tnmethylberizenesuJfon^ 

2y2>i5^i8-pentemeth^ 

tefHtfm&^ 

4-(4\8'-dimethoxynaphthy^ /V-benzyisuIfbnyl, N- 

triflMoromethylsutfonyi; and Mphenacylsulfo^ 

DisclQsed corhpou^ be prodriigs, 

compbunds:rnetaWlze 7/3 vn/o. to yie^d a disclosed cq 

e.g .transiently d uring metabolism. This transformation may be i a hydrolysis or oxidation ■ : 

whiehre^ 

[iver.gast^ 

;:. Features the iri^ 



EXAMPLE!: 

f4-Chloro-2^4,4-DimethyM,5-dih^^ 

phenyl)-amine(18). (Scheme 2, Ri=CI, R a =R3=H f R4=CH3) 

a). A mixture of 5-chloro-2-methoxybenzoic acid 16 (14.8 g, 0.0793 mole} and 
SOCl 2 (28.31 g, 14.97 ml, 0:1584 mole) was refluxed for 2 hours and exo^ss^y. 
SQGiz removed ;(^v1ng a white residue; 

;add|d ;tp; <3 solution of 2^ifyi^2^^^\ : i^^tvA (t 3 .98 g; 14 97 ml; 0 1534 
mole) in eHjCI 2 cooled with ice-bath. The ice-bath was removed, and after 
stirring at room temperature for 3 hours a white solid precipitated. The precipitate 
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was separated by filtration and discarded. The filtrate was concentrated leaving a 



b), LDA (5 ml of 20 M solution in THF) was added to a solution of 4-iodo-2- 
methylanilihe {2 33 g, 0 01;0 In THF (15 ml) at -78: °C the mixture was 
stirred at -78 °C for 30 minutes. To this, a solution of 17(1.1 99 g, 0,005 mole) in 
THF (15 ml) was added: The 'mii^re ^irred^f or ; 1:(6 r$ : ^s: ft v^^ irtned : up to 
room temperature. The reaction mixture was quenched with aqueous NH 4 CI and 
extracted w^ 

crude 18 as brown oil. The oil Was purified on silica column ch 

Eluting with CH2CI2 gave pure 1.7 g (77%) of 18 as brown oil. Four hundred and 

; njne;miliigrarT)s of the oil werejdissdlved in gt 2 0 and treated with Et^OrHCigiyjng 

the HCI salt as a light yellow solid precipitate. Yield 356.4 mg (81%); mp 324-330 

°C; AhaL Galcd/fburid for 

4.15/3.94; N, 5.76/5.66. 



Cascade assay for inhibitors of the MAP kinase pathway 
Incorporation 

presence of a; glutathione S-tran^^^^ fusion prqtem containing p44MAP kinase 
(GST-MAPK) and a glutathione S-transferase fusipn protein containing p45MEK 
(GST-MEK). The assay solution contains 20 mM HEPES, pH 7.4, 10 mM MgCI 2 , 
T mM MnCfc, 1 mM EGTA, SO.jiM [y-^PJATP, 10 ^g GST-MEK, 0.5 fig 
GST-MAPK and 40 jig MBP in a final volume of 100 pL. Reactions are stopped 
after 20 minutes by addition of trichloroacetic acid and filtered through a GF/C 



EXAMPLE 2 
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.filter mat. 32 P retained on the filter mat is determined using a 120S Betaplate. 
Compounds are assessedat : 1j9'HMl^r^!B!^:tO: inhibit incorporation of 32 P, 

To ascertain whether (impounds are inhibiting GST-MEK or GST MAPK. 
two additional protocols are employed; in the first protocol, compounds are 
added to tubes containing GST-MEK; followed by addition of GST-MAPK, MBP 
and PJATP. In the second protocol, compounds are added to tub^^^ 
containing both GST-MEK and : GST-MAPK. foliovyed by MBP and [y-^PJATP:: 

Compounds that show activity imboth protocols are scored as ; MAPK ; ■ 
inhibitors, while compounds shbwing activity in only the first protocol are scored 
aVMEK inhibitors 

[ri vitro MAP kinase assay 

Inhibitory actryity can :be c^nfiTOed in direct assays. For MAP kinase^ 1 jag 
GST-MAPK is incubated with 40 jig MBP for 15 minutes at 30°C in a final 
volume of 50 hL containing 50 mM Tris (pH 7*5); 10 pM MgC1 2l 2 >iM EGTA, and 
10 ^M [r^PlATP. The reaction is stopped by addition of Laemmli SDS sample- 
buffer and phosphorylated MBP resolved by electrophoresis on a 10% 
pblyaCfytemiaV^ 

autoradiography, and scinUlfatipn counting of excised bands. 

EXAMPLE 4 

Iri vrtfoiMEK assay ; . " : ^: ; :1 j '-^y^;^:^ 

For evaluation of direct MEK activity, 10 ng GST-MEKi is incubated with : 
5 fig of a glutathione S-transferase fusion protein containing p44MAP kinase with 
a lysine to alanine mutation at position 71 (GST-MAPK-KA). This mutation: 
eliminates kinase activity of MAPK, so oniy kinase activity attributed to the added 
MfeK re mainis. : I h cubations i are :: 1 51 minuted at 30*@ -in a final vo lu me bf -50 :^liC 
ciG^lnfrtg p mM Tris^ 

[y-^PlATP. The reaction is stopped by addition of Laemmli SDS sample buffer. 
Phosphorylated GST-MAPK-KA is resolved by electrophoresis on a 10% : 
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polyacrylamide gel. Radioactivity incorporated into GST^MAPKrKA determined 
by autoradiography, and subsequent scintillation counting: of excised bands. 
Additionally; an artificially activated MEK containing serine to glutamate 
mutations at positions 21 8 and 222 (GST^EK-2E)1s used. When these tvyo 
sites ar^ 

sites can be i mlmicked by mutatipn pf the serine residues to; glutamate. For this 
assay, 5:|ig GST-MEK-2E is incubated with 5 jig GST-MAPK-KA for 15 minutes 
at30 d <>^ 

EXAMPLE 5 7:: 

Yi^Q-i^t^P^klnase assay 

Todeterfnine if compounds block activation of MAP kinase in whole cells,: 
the ifoUowin 
confluence ^ 
disked; cftrjceh^ 

by addition of a groWth factor, for example, PPGF {100 ng/ml). After a 5-minute 
treatment with- the g rowth factor, cells a re vyashed with PBS , and lys ed in a buffer 
consisting of 7(3 mM NaGl , .10; mM.H EPES (pH 7:4), 50 mM glycerol phosphate, 
and 1 % Triton X^100 v Lysates are clarified by centrifugation at 13,000 x g for 10 
minuted 

microtubule associated protein-2 (Map2) for 1 5 minutes at 30'C in a final volume 
of 25 j|iL containing 50 mM Tris (phi 7.4), 1 0 niM MgCI 2? 2 mM EGTA and 30 \ih\ 
{y-^P]ATP. Reactfons are terminated by ad^^ sample buffer. 

Phosphorylated Map2 Is resolved on 7.5% acrylamide gels arid incorporated 
radioactivity is dete 

;' : :i:E^MPLE:fi ; >' : :,' 

3 H-Thymidine incorporation 

: Cells are plated in multi-well plates and grown to near confluence. The 
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serum albumin. After 24-hqur serum starvation, test compounds and specific 
growth factors are added and incubations continued for an additional 24 hours. 
During the final 2 hours, 3 Hrthymidine is -added- to. the medium. To terminate the 
incubations, ; the medium is reriipv^. and cell layers washed twice with ice-cold 
phosphate-buffered saline After the final wash, ice-cold 5% trichloroacetic acid is 
added: and ;the : :ce1lsfin 

trichloroacetic acid solution is then removed waished three 

times with diisfelled water After the final: wash, the cell layer is sdlubilized by 
addition of 2% sodium dodecylsulfate. Radioactivity in this solution is determined 
by scintillation counting. : 

This deifiori^rafes ttM an inhibitor is -selective 
metabolic: eff^ 

than a nonselective inhibrtbr;: ^ 

V EXAMPLE 7 • - : 

Moholayer grovrth: : . . 

. I^lts a Fprty^rght 
hours after seedihgi tpstiw to the ceH:growth medium and 

incubation Is <»ntihued;;fer 2 additional days. Cells are then removed from the 
weils by incubation with trypsin and enumerated with a Coulter counter. 

. ; '. example 8 ; . - 

, Growth In soffcagar 
Gells-areiiseied 
Medium c^nta 

transferred to a 37°C incubator After 7 to 10 days' growth, visible colonies are 
manua the aid of a dissecting microscope, 

EXAMPLE 9 
Collagen-Induced Arthritis in Mice ; 

Type II collagen-induced arthritis {CIA) in mk^ is an experirnental model of 
arthritis that has a number of pathologic, immunologic, and genetic features' in 
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common with rheumatoid arthntis The disease is induced by immunization of 
DBA/1 mice with 100 \ig type II collagen, which is a major component of joint 
cartilage, delivered tritradermally in Freund's complete adjuvant The disease 
susceptibility is regulated by the class II MHC gene locus, which is analogous to 
the association of rheumatoid arthntis with HLA-DR4 

A progressive and inflammatory arthntis develops in the majonty of mice 
Immunized, charactenzed by paw width increases of up to 100% A test 
compound is administered to mice in a range of amounts, such as 20, 60, 100, 
and 200 ;mg/kg body weight/day. The dura^n of the test wn be several weeks 
to a few months , such as 40; 60, or 8b days A clinical scoring index is used to 
assess disease progression from eryrMm 1 ), joint distortion • 

(stage 2), to joint ankylosts (stage 3), The disease is variable in that it can affect 
one or all paws in an animal, resulting in a total possible score of 12 for each 

and cartilage and bone erosions All mouse strains that are susceptible to CIA 
are high antita 
response to CI I. ' 

. . EXAMPLE 10 

SCW-induced monoarticular arthritis : • • > 

Arthrftis is indued as described by Schwab/ Infection and immunity, 
: 59:4436^ reeeive;6 jig sonicated SGW 

[in 10 jil Dulbecco's PBS (DPBS)] by an intraarticular injection into the right 
tibiotalar joint on day 0. On day 21 , the OTH is initiated with 1 00 jig of SCW 
(250 jil) administered i,v. For oral x^mpdurKi studies; compounds am 

administered t^ 

with SCW. Com in amounts between 10 and 500 mg/kg 

libod 300:rr^kg/day-i )M0m^-.t:-, 

> 

:^risitized:^h : ; 
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volumes at subsequent time points such as day 22, 23, 24, and 25 Paw volume 
is determined by mercury plethysmography. 

EXAMPLE 11 

Mouse ear-heart transplant model 

Fey; era/- describe methods To r transi ptehtihig: split^heart neonatal; 
cardiac grafts Into the ear pinna of mice and rats (J Pharm. and Toxic: Meth 
39 9-17(1998)) Compounds are dissolved in solutions containing combinatons 
of absolute ethanol, 0.2% hydroxypropyl me^ylc0ilu|o s^ ; in water, propylene 
glycol, cremophor, and dextrose, or other solvent or suspending vehicle. Mice 
are dosed orally or intraiperrtoheally once, twice or three times: daily from the day 
of transplant (day 0) trough day 13 or until grafts-haw been Rats are 

dosed once, twice, or three times daily from day 0 through day i 3. Each animal 
is anesthetized and an- incision is made at the base of the recipient ear, cutting 
o nly thef; dorsal epidermis and dermis. The incision is spread o pen and down to 

the cartilage parallel to the head, and sufficiently wide to accommodate the . 

appropriate: tun^ tool for a mouse. A neonatal mouse or 

rat pup less than 60 h The 
heart^ longitudinally with& : 

scalpei, and rinsed with sterile saline. The donor heart fragment is placed into 
the preformed tunnel with the insertion tool and air or residual fluid is gently 
expressed from the tunnel with light pressure. No suturing, adhesive bonding, : : 
bandaging, or treatment with antibiotics is requii^^^^ : 

Implants are examined at 10-2Q^fold magnification with |a stereoscopic 
dissecting microscope without anesthesia. Recipients whose grafts are not 
visibly beating may be anesthetize and evaluated for the presence of electrical 
activity using Grass E-2: platinum subdermal pin microelectodes plabed either In 
the pinna or directly into the graft a nd a tachograph . Implants can be examined 
1-4 times a day for 10, 20, 30 or more days. The ability of a test compound to 
ameliorate symptoms of transplant rejection can be 

compound such as cyclosporine, tacrolimus, or orally-administered lefluonomide. 
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EXAMPLE 12 

Western Blot Analysis of phosphoryiated ERK1/ERK2 in Human PBMC Protein 
Extracts • 

Lysis Buffer & Protease Inhibitor Preparation 
Add these ingredients and store d 4^0 

Stock Amount : Final Concentration 

NaCi . : ---f2#54$ : r : • 7q^M : '7T.^ 

p-glycerolphosphate 5v4g 50 mM 

1 M HEPES . , 5 m! 10 mM 

TritonX-100 5m! : 1 %. ... 

dd H 2 0 : q s: tb50Q ml 

Prepare the following stock solutions and store under 
recommended conditions prior to addition to lysis buffer The foirdwlng 
S|Qlutipns should beadd^ 

The solution should not be prepared more than 30 minutes ahead of time 
and should be; stored at 4 °C until use/ : ; 

Stock Amount Final Concentration Storage 

1: NaaVOa 3:678:g 100 mM 4°C 
dd H 2 0 200 ml 

2. PMSF 17:4 mg 100 YriM ; : -20*C 
: EtOH ' • ; 1;:mL . ; 

Make up fresh; -stpbk every three- weeks and store protected from light. 

3. Leupeptin 5 mg 1 mg/ml ^20°C 



Add three ingredients to 25 ml of lysis buffer solution 
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Final Concentration 



Stock 



Amount 



1 mM Na 3 V0 4 . : iOO mM- 



250 jiL ..: 



1 jiM PMSF 



IOOmM 



1:100 in ddH^O, 

then 25 jul to lysis buffer 



1 mM Leupeptin 



1 mg/mL 



11v9|aL 



Collect nonadherent cells in 15 ml conical tubes {on ice) and centrifuge at 
800 rpm for 5 minutes at 4°C to pellet cells Add 250 ui lysis buffer to each 
well (each well wais set up repeatedly 
to;lyse;x^l|son plate 

the supernatant and resuspend the pellet with the lysis buffer from the 
corresponding well. Pipet buffer repeatedly before 

nonadherent cell pellet to ensure that cells are lysed and completely removed 
from the tissue culture dish. Pipet volume in tube repeatedly to lyse all cells: 
Centrifuge samples at 2500 x g for 15 minutes at 4°C, Collect supernatant in 
^microcentrifuge tube witrr^ 

we. . . ; 

Gel Electrophoresis 

Dilute 1 0X) mi lOXTris/G LC 2675) to 1L with dd 

HjO. 1.0 or 1:5; mml^ 

gel thickness used (1 .0 or 1.5 mm) will depend on the volume of sample to be 
Ipaded per well. The following table indicates the capacity of the available gels. 

Well number - Gel thickness '-' Maximum well volume : 

10: 1,0 mm 25jil 

.. 15 . -. 1.0 mm • . ; 15 jiil 

10 ••• • ; 1.5 mm • 37 n) 

15 : 1.5 mm 25jil 
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Open gel pouch and remove gel cassette. Pee! tape off bottom and carefully pull 
out comb Rinse weds with 1X Tns/Glycme/SDS running buffer Orient gels in 
the Mini-Cell so that the well side of the. cassettes face, the buffer core Fill the 
core with running buffer, checking for leaking: Pre-run the gels for 15 minutes at 
1 00 V„ Prepare samples by adding appropnate volumes of protein and Novex 
Tris-Glycine SDS Sample Buffer (LC2676), It is rrioiSt Ideal to load at least 10 mI 
of sample per lane. To calculate the volumes needed determine the amount of 
protein required to load three lanes with 5 ^g p^r lane Onbe this has been 
determined, aliquot the appropriate volume of protein sample into an eppendorf 
tube ar^j add 

volume by three to determine the volume of sample to load per lane Heat 
samples at 95°C for 5 minutes. Load 10 pi molecular weight marker (Benchmark 
Prestained Protein Ladder; Gibco BRL 10748-010) in the standard lane. Run gel 
at 125 V (constant voltage) or less for approximately 90 minutes or until blue dye 
: front reaches: the b^orti ipf ge L 

Transfer •• •• • • 

Dilute 40 ml 25X Tris-Glycine Transfer Buffer (Novex LC3675) to 1 L with 
eld 1^20^: R^ and rinse tn 1 X transfer buffer for 1 0 

minutes with gentle shaking. P re-wet nitrocellulose and filter papers {Novex 
LG2001) in 1X transfer for 10 minutes. Soak blotting pads (Novex EI9052) in 1X 
transfer bufer Ur^ii satufated. kemdve air;;p^ by squeezing in 

buffer. Assemble blbt: module. Fill core: with 1 X transfer b 
leaking. Fill the outer chamber with transfer buffer. Tran 
minutes at 250 mA max (constant current). 

EXAMPLE 13 
Murine ovalbuminnnduced eosihophilia 

Female C57BL/6 mice are obtained from the Jackson Laboratory (Bar 
Harbor, ME). All animals are giyen fodd ar^ 
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with a single i.p. injection bfrO^ Louis. 

MO) adsorbed to alum, (10 jig OVA. + 9 mg alum in 200 pi saline); or vehicle 

control, (9 mg alum in 200 jxl: saline) on day 0. On day 

challenged with a 12-minute inhalation of an aerosol consisting of 1 5% OVA 

(weight/volume) in saline pn^uc^ed by a nebulizer (small particle generator, 

m<^ 

are dosed with oral vehid 
80} r or a test com^und at 1 
p.p. Dosing is perfqn^ 
extending through day 16. 

• • For determinat 
0VA aerosol: challenge (da£^ 
Of anesthetic (Ketamjne/Ac^pramazine 

and cannulated. The lungs and upper airways are lavaged twice with 0 5 ml of 

cold PBS. A portion: (200 )jl) of the bronchoal^ 

enyrn^^ 

Fk)^ g for five minutes, and 

theicefls are resuspended In 1 mi of KBSS (Gibco BRL) containing 0.5% fetal 
calf serum (HyClone) and 1 0 rriM HEPES (Gibco BRL). The cell suspension is 
centrifuged in a cytdspin (Sharidbn Southern^ 
stain^bypi^ 

differentiate QAL leukocytes: into neutrophily eosinophil, monocyte or lymphocyte 
subsets. The number of eosinophils in the BAL fluid is determined by 
multiplying the percentage of eosinophils by the total ceil count, 

F. OTHER EMBODIMENTS 

From the above disclosure and examples, and from the claims befow, the 
essential features of the invention are readily apparent. The scope of the 
invention also encompasses various modifications and adaptations within the 
topwledge of a perebn of o Examples include a disclosed compound 

modified by addition or removal 6f a protecting greup^ 

salt, hydrate, acid, or amide of a disclosed compound. Publications cited herein 
are hereby incorporated by reference In their entirety. 
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1. Abstract 

. Benzoheteroaryl compounds, methods of making and using them, and 
compositions containing them. 
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2. Representative Drawing 
None 
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